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(57) ABSTRACT 

The invention is directed to a composite bone graft for 
implantation in a patient, and methods of making and using 
the composite bone graft, along with methods for treating 
patients by implanting the composite bone graft at a site in 
a patient. The composite bone graft includes two or more 
connected, discrete, bone portions, and includes one or more 
biocompatible connectors which hold together the discrete 
bone portions to form the composite bone graft. The com- 
posite bone graft may include one or more textured bone 
surfaces. The textured surface preferably includes a pliirality 
of closely spaced protrusions, preferably closely i^aced 
continuous protrusions. The composite bone graft is useful 
for repairing bone defects caused by congenital anomaly, 
disease, or trauma, in a patient, for example, for restoring 
vertical support of the anterior and/or posterior column. 
Implantation of the composite bone graft results In improved 
graft stability and osteoinductivity, without a decrease in 
mechanical strength. The composite bone graft does not 
shift, extrude or rotate, after implantation. The present 
composite bone graft can be appropriately sized for any 
application and can be used to replace traditional non-bone 
prosthetic implants. 

27 Claims^ 22 Drawing Sheets 
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COMPOSITE BONE GRAFT, METHOD OF viding a composite bone graft which can be appropriately 

MAKING AND USING SAME • sized for any application out of for example, strong cortical 

bone; promotes the ingrowth of patient bone at an implan- 

This application is a Continuation-in-Part application of tation site by promoting osteoinductivity and cellnlarization; 

U.S. patent application Ser. No. 09/286,975, filed Apr. 6, 5 provides added stability and mechanical strength; and does 

1999, which is a Continuation-in-Part of U.S. patent appU- not shift, extrude or rotate; after implantation, 
cation Ser. No. 09/225,299, filed Jan. 5, 1999, now pending. 

FIELD OF THE INVENTION 


SUMMARY OF THE INVENTION 


The present invention is directed to a composite bone 
The invention relates to bone grafts and more particularly, graft for repairing bone defects caused by congenital 
to bone grafts useful for spinal fusion. The invention pro- anomaly, disease, or trauma, including for example, for 
vides a composite bone graft for implantation in a patient, restoring vertical support of the posterior and/or anterior 
and methods of making and using the composite bone graft. column. The present composite bone grafts can be used as 
The composite bone graft contains two or more distinct bone structural grafts placed posteriorly in the ^ine as interbody 
portions where the bone portions are connected. The bone grafts or as strut grafts spanning multiple segments. Poste- 
portions arc preferably self-locking, interlocking, and/or rior composite bone grafts can be used to supplement 
connected by at least one mechanical connector, including autologous bone for spinal fusions in patients who lack 
for example, a bone pin. One or more of the bone portions sufScient host bone and to avoid significant donor site 
may be demineralized, and may also be continuous or morbidity. The present composite bone grafts can be used 
discontinuous. The composite bone graft may include one or for appfications normally suited for only non-bone pros- 
more textuired surfaces, preferably including a plurality of thetic implants because the composite bone graft can be 
closely spaced protrusions. The composite bone graft is appropriately sized for any application and has adequate 
useful for repairing bone defects caused by congenital mechanical strength. 

anomaly, disease, or trauma, and is particularly useful for The invention provides a composite bone graft including 

spinal fusions. The composite bone graft can be appropri- a plurality of bone portions layered to form a graft unit, and 

ately sized for any application and can be used to replace one or more biocompatible connectors for holding together 

traditional non-bone prosthetic implants. The composite the graft unit. 

bone graft promotes the growth of patient bone at an xhe invention also provides a composite bone graft 

implantation site by promoting osteoinductivity and including two or more distinct bone portions, and one or 

celhilanzauon, provides added stability and mechanical ^ biocompatible connectors, where the biocompatible 

strength, and does not shift, extrude or rotate, after miplan- connectons hold together the two or more bone portions to 

form the composite bone graft 

BACKGROUND OF THE INVENTION present inventk)n provides a composite bone graft 

35 including two or more connected, distinct bone portions. 
■ ^ i^l!*"" of prosthetic implante^materials often »sed , ^^^^ ^ composite bone graft 

include bone grafts and implants produced ftom non-bone ^^^^^ ^ „^ comiected, distinrt bone portions, 
matenals, mcluding for example stainless steeL titamum and r« . . . , . . 

plastics, nie choice of whether to use a bone or a non-bone . "iventK,n provides a composUc bone graft 

implant often depends on the cUnical indication, implant ^ ""^^duig three or more connected, distinct cortical bone 
site, whether the implant is load-bearing, and the size of the ^ 

implant needed present invention provides a composite bone graft 

Prior to the present invention, the use of bone grafts ^^^f^^ one or more horizontally deposed <±annels pro- 
versus non-bone prosthetic implants to for example, support through the «>mpositc bone graft perpendicular to the 

and fiise together adjacent vertebrae, has been hmited in part 45 "^^^^cs of the bone portions. 

by the physical size of a cortical bone graft. Interbody bone ^h^ present navention also provides a composite bone 
grafting involves the problem of strength. Strong cortical graft including one or more vertically disposed channels 
bone (the outer layer) is required as a strut in the interbody provided through the composite bone graft parallel to the 
position to prevent coUapse of the disc space while healing interfaces of the bone portions 

occurs. For example, cortical bone obtained from a cadaver 50 The present invention further provides a composite bone 
source fa^ioned into struts, is not wide enough for optimum grJift including one or more horizontally disposed channels 
load bearing. This natural limitation often excludes the use and vertically disposed chaimels where the one or more 
of a bone graft product. channels includes one or more therapeutically beneficial 

The success or failure of a bone graft further depends on substances, 

whether the bone graft remains at the implant site, is 55 The invention further provides a composite bone graft 
cellularized, and whether it can withstand the mechanical including two or more connected bone portioiK, where the 
load. In spinal surgery, there are two primary indications for bone portions can include cortical bone and cancellous bone, 
use of allograft bone: (1) when there is insufficient available The invention also provides a composite bone graft, 
autograft bone, and (2) in spinal fusion procedures when a including a first bone portion, a second bone portion, a third 

structural element in needed. Typically, bone grafts are 50 bone portion, the first, second and third bone portions are 
afiSxed at an implant site by fusion. Bone grafts for spinal disposed one on the other (ie. layered) to form a graft unit; 
applications often fail because they are extruded from the and one or more biocompatible connectors for holding 
implantation site due to shifting, rotation, and slippage of the together the graft unit. 

graft, are not cellularized, or fail mechanically. The invention provides a composite bone graft, including 

The invention enables the use of bone grafts for applica- 6S a first cortical bone portion, a second cortical bone portion, 
tions normally suited for only non-bone prosthetic implants. a cancellous bone portion disposed between the first cortical 
The invention solves the problem of graft failure by pro- bone portion and the second cortical bone portion to fbraa a 
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graft unit, and one or more biocompatible connectors for 
holding together the graft unit. 

The invention ftirtber provides a composite bone graft, 
including a first cortical bone portion, a second cortical bone 
portion provided on the first cortical bone portion to form a 
graft unit; and one or more biocompatible conneaors for 
holding together the graft unit. 

The invention provides a composite bone graft, including 
a plurality of layered cortical bone portions forming a graft 
unit, and one or more biocompatible connectors for holding 
together the graft unit. 

The invention provides a composite bone graft, including 
a pltirality of layered bone portions forming a graft unit, and 
one or more biocompatible connectors for holding together 
the graft unit. 

The invention also provides a composite bone graft, 
including a first bone portion, a second bone portion pro- 
vided on the first bone portion to form a graft unit, and one 
or more biocompatible connectors for holding together the 
graft unit. 

The invention provides a composite bone graft including 
a plurality of distinct bone portions, where one or more of 
the bone portions are demineralized. 

The invention provides a composite bone graft including 
a plurality of distinct bone portions, where one or more of 
the bone portions are continuous or discontinuous. 

The invention further provides a composite bone graft 
including a plurality of distinct bone portions where one or 
more of the bone portions include a discontinuous bone 
portion, the discontinuous bone portion including one or 
more therapeutically beneficial substances including but not 
limited to, for example, one or more of the following: 
osteoinductive substances, osteoconductive substances, and 
phannaceuticaUy active agents. Such therapeuticaUy benefi- 
cial substances may optionally be provided with a carrier. 
Suitable osteoinductive substances include but are not lim- 
ited to, for example, autograft bone; allograft bone; 
Grafton™ produced by Osteotech; DynaGraft™; deminer- 
alized cortical bone; demineralized cancellous bone; col- 
lagen including one or more growth factors including for 
example Novus™ produced by Stryker Biotech; ooUagen 
including demineralized bone includii^ for example Dyna- 
Graft™; cancellous bone; cortical bone; OptcoFbrm™ pro- 
duced by the University of Florida; OsteoFill™ produced by 
the University of Florida; and growth factors including for 
example, bone morphogenic protein, and transforming 
growth factor-p. Suitable osteoconductive substances 
include but are not limited to, for example, hydroxyapitate; 
collagen; any biocompatible matrix material including for 
example, polymeric matrix materials, bioglass, bioceramics, 
resorbable BiomateriaU; bioabsoibable polymers; a plastic 
matrix; stainless steel; titanium; cobalt-chromium- 
molybdenum alloy matrix; and substances including 
hydroxyapitate, including for example, Ostcosct™ produced 
by Wright Medical. Suitable pharmaceutically active agents 
include but are not limited to, for example, growth factors 
including for example bone growth factors including for 
example bone morphogenic protein, and transforming 
growth factor-p, chemotherapeutic agents, anti- 
inflammatory agents, and antibiotics. 

The invention also provides a composite bone graft, 
including a first cortical bone portion, a second cortical bone 
portion, a cancellous bone portion disposed between the first 
cortical bone portion and the second cortical bone portion to 
form a graft unit, and one or more biocompatible connectors 
for holding together the graft unit, where the cancellous 
bone portion is demineralized and discontinuous. 
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The invention provides a composite bone graft, including 
a first cortical bone portion, a second cortical bone portion, 
and a third cortical bone portion disposed between the first 
cortical bone portion and the second cortical bone portion to 

5 form a graft unit, and one or more biocompatible connectors 
for holding together the graft unit, where the third cortical 
bone portion is demineralized and discontinuous. 

The invention provides a composite bone graft, including 
a first cortical bone portion, and a second cortical bone 

10 portion disposed apart from each other, and forming a graft 
unit, and one or more biocompatible mechanical connectors 
for holding together the graft unit, where tbe first and second 
cortical bone portions are disposed separate from each other 
by the biocompatible mechanical connectors, thereby form- 

15 ing a substantially void central area. 

The invention further provides a composite bone graft 
including a substantially void central area, where the sub- 
stantially void central area further includes one or more 
therapeutically beneficial substances including but not lim- 
iled to, for example, one or more of the following: osteoin- 
ductive substances, osteoconductive substances, and phar- 
maceutically active agents. Such therapeutically beneficial 
substances may optionally be provided with a carrier. Suit- 
able osteoinductive substances include but are not limited to, 

^ for example, auto^aft bone; allograft bone; Grafton™ pro- 
duced by Osteotech; DynaGraft™; demineralized cortical 
bone; demineralized cancellous bone; collagen including 
one or more growth factors including for example Novus™ 
produced by Stryker Biotech; collagen including deminer- 
alized bone including for example DynaGraft™; cancellous 
bone; cortical bone; OpteoForm™ produced by the Univer- 
sity of Florida; OsteoFill™ produced by the University of 
Florida; and growth factors including for example bone 
morphogenic protein, and transfoiroing growth factor-p. 
Suitable osteoconductive substances include but are not 
limited to, for example, hydroxyapitate; collagen; any bio- 
compatible matrix material including for example, poly- 
meric matrix materials, bioglass, bioceramics, resorbable 
Biomaterials; bioabsorbable polymers; a plastic matrix; 

^ stainless steel; titanium; cobalt<hromiimi-molybdenum 
alloy matrix; and substances including hydroxyapitate, 
including for example, Osteoset™ produced by Wright 
Medical. Suitable pharmaceutically active agents include 
but are not limited to, for example, growth factors including 
for example bone growth factors including for example bone 
morphogenic protein, and transforming growth factor-^; 
chemotherapeutic agents; anti-inflammatory agents; and 
antibiotics. Hie material may be in any suitable form includ- 
ing for example, in the form of a solid, sponge, paste, 
powder, and/or gel. 

The invention further provides a composite bone graft 
where the biocompatible connectors include one or more 
mechanical biocompatible connectors. 

The invention provides a composite bone graft where the 
biocompatible coimcctors include a diemical biocompatible 
connector. 

The invention further provides a composite bone graft 
where the mechanical biocompatible connectors include one 
gQ or more pins. 

The invention further provides a composite bone graft 
where the chemical biocompatible coimectors include a 
biocompatible adhesive. 

The invention provides a composite bone graft where one 
65 or more biocompatible connectors include one or more of 
the following: a mechanical connector and a chemical 
connector. 
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The invention also provides a composite bone graft where The invention provides a composite bone graft including 

the mechanical biocompatible connectors include one or a graft unit having one or more through-holes configured to 

more of the following biocompatible materials: cortical accommodate one or more pins, the graft unit including two 

bone; stainless steel; titanium; cobalt-chromium- or more bone portions layered to form the graft unit, and one 

molybdenum alloy; a bioccramic; a bioglass; a plastic of one 5 or more pins for holding together the graft unit 

or more of the following: nylon, polycarbonate. The invention further provides a composite bone graft, 

polypropylene, polyacctal, polyethylene, and polysulfonc; including a graft unit having one or more through-holes 

and one or more bioabsorbable polymers. configured to accommodate one or more pins, the graft unit 

The invention also provides a composite bone graft where including a first plate-like cortical bone, a second plate-like 

the mechanical biocompatible coimectors include cortical lO cortical bone, a plate-like cancellous bone disposed between 

bone, the first plate-lflce cortical bone and the second plate-like 

The invention provides a composite bone graft where the cortical bone to form the graft unit, and one or more cortical 

one or more pins include one or more cortical bone pins. bone pins for holding together the graft unit 

The invention provides a composite bone graft where the The invention also provides a composite bone graft, 

graft unit includes one or more through-holes configured to including a graft unit having one or more through-holes 

accomadate the one or more pins. configured to accomadate one or more pins, the graft unit 

The invention further provides a composite bone graft including a first plate-like bone, a second plate-Hke bone 

where the through-holes are disposed perpendicular to inter- provided on the first plate-likc bone to form the graft unit, 

faces of bone portions forming the graft imit °^ more bone pins for holding together the graft unit. 

The invention further provides a composite bone graft The invention also provides a cervical composite bone 

where the through-holes are disposed perpendicular to inter- graft, including a flattened ciuved wedge graft unit having 

faces of for example, the first bone portion, the second bone one or more through-holes configured to accomadate one or 

portion, and the third bone portion, of the graft unit move pins, the graft unit including two or more plate-like 

The invention provides a composite bone graft where the 25 ^^^^ portions layered to form the graft unit, and at 

one or more pins and the one or more through-holes are least two bone pins for holding together the graft unit, where 

configured to provide an interference fit for holding together ^® S^^^ includes a substantially centrally located 

the graft unit through-hole. The diameter of the through-bole may be 

nie invention also provides a composite bone gmfi where ^ ""^ '■^J^ "* 

the one or more through-holes and the one or more pins are 30 ""^^ experrmentation depending upon toe parUoUar apph- 

round and an inner diameter of a through-hole is smalkr "tion; for example, the diameter of the throi^-hofc 

than a diameter of a pin, to provide an interference fit ^.O rnm-4.0 mm; preferably 2.5 mm-3.0 mm; 

between the through-hole and the pin. ""^ preferably 3.0 mm. 

ITie invention further provides a composite bone graft , ^he invention also provides a composite bone graft where 

where the one or mote cortical bone pins inchide a plurality 3S T through^oles are di^KJsed perpendicular to 

of vertical groves provided on a surface thereof. mterfeces of plate-Kke bones of the graft unit 

The invention further provides a composite bone graft ^h^ mvenUon provides a composite bone graft where the 

where the one or more cortical bone pins inchides a rough- composite bone graft is a paraUelepiped; a parallel block; a 

ened surface square block; a trapezoid wedge; a cylinder; a tapered 

The invention provides a composite bone graft where the *° cylinf^r; a cervical wedge (flattened cu^ wedge); an 

one or mote cortical bone pins further inctodes a stot ^^"^ ^««^8« P^^^ « ^olybc- 
extending from one end of the bone pin. 

The invention provides a composite bone graft where the J^^ invention ftirther provides a composite bone graft 

one or more pins is threaded to provide a threaded engage- "^^^^^ composite bone graft is a polyhedron inchiding 

ment with the one or more through-holes. ^^^^ surfaces. 

The invention fixrther provides a composite bone graft invention provides a composite bone graft where the 

where the one or more pins is threaded and the one or more composite bone graft ftirther mcludes one or more textured 

through-holes is threaded, to provide a threaded engagement surfaces. 

between the one or nK>re pins and the one or more through- ^ Th^ invention also provides a composite bone graft where 

holes. the one or more textured surfaces indxides a plurality of 

The invention provides a composite bone graft where the closely spaced continuous protrusions, 

one or more pins and the one or more through-holes are The invention provides a composite bone graft where the 

configured to provide a slidable coimection, for example, to continuous protrusions include a cross-section having one or 

provide a composite bone graft including a substantially 55 more shapes selected from the following: irregular; 

void central area. triangular, square, rectangular, and curved. 

The invention also provides a composite bone graft where The invention further provides a composite bone graft 

a cross-section of the one or more pins includes a shape where the pliu-ality of continuous protrusions arc sized to be 

selected from the groi^ including the following: round, in a range of greater than or equal to about 1.5 mm in length; 

ovoid, square, rectangular, triangular, pentagon, hexagon, ^ 0.5 to about 10.0 mm in width and 0.1 to about 5.0 mm in 

and trapezoidal. depth. 

The invention further provides a composite bone graft The invention provides a composite bone graft where the 

including a plurality of plate-like cortical bone portions, the plurality of closely spaced continuous protrusions are spaced 

cortical bone portions layered to form a graft unit, the graft from about 0.0 to about 3.0 mm apart, 

unit held together with one or more cortical bone pins. 65 The invention provides a composite bone graft where the 

The invention further provides a composite bone graft plurality of protrusions are spaced ft-om about 0.1 to about 

where the composite bone graft is a cortical cylinder. 2.0 mm apart. 
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The invention also provides a composite bone graft where 
the plurality of protrusions are spaced about 0.5 mm apart. 

The invention provides a method for restoring vertical 
support of the posterior and/or anterior column by implant- 
ing a composite bone graft including two or more distinct 5 
bone portions held together by one or more connectors, at a 
site in a patient 

Tlie invention provides a composite bone graft containing 
two or more connected bone portions, where the composite 
bone graft has a plurality of closely spaced protrusions on ^0 
one or more surfaces thereof, where the protrusions are 
continuous protrusions, discrete protrusions, or a combina- 
tion thereof. 

The invention provides a composite bone graft where the 
plate-like cortical and/or cancellous bone portions are con- 
tinuous bone portions and/or discontinuous bone portions. 

The invention provides a composite bone graft including 
one or more discontinuous bone portions. 

The invention provides a composite bone graft including 
one or more discontinuous, demioeralized cortical bone 
portions. 

The invention provides a composite bone graft including 
one or more discontinuous, demineralized cancellous bone 
portions. 2s 

The invention further provides a composite bone graft 
where one or more continuous or discontinuous cancellous 
bone portions, (continuous or discontinuous and/or 
demineralized)includes one or more therapeutically benefi- 
cial substances including but not limited to, for example, one ^ 
or more of the following: osteoinductive substances, osteo- 
conductive substances, and pharmaceutically active agents. 
Such therapeutically beneficial substances may optionally 
be provided with a carrier. Suitable osteoinductive sub- 
stances include but are ooi limited to, for example, autograft 35 
bone; allograft bone; Grafton™ produced by Osteotedi; 
DynaGraft"™; demineralized cortical bone; demineralized 
cancellous bone; collagen including one or more growth 
factors including for example Novus™ produced by Stryker 
Biotech; collagen including demineralized bone including ^ 
for example DynaGraft™; cancellous bone; cortical bone; 
OpteoForm™ produced by the Univeisity of Florida; Osteo- 
Fill™ produc«i by the University of Borida; and growth 
factors including for example bone morphogenic protein, 
and transforming growth factor-p. Suitable osteoconductive 45 
substances include but are not limited to, for example, 
hydroxyapitate; collagen; any biocompatible matrix material 
including for example, polymeric matrix materials, bioglass, 
bioceramics, resorbable Biomaterials; bioabsorbable poly- 
mers; a plastic matrix; stainless steel; titanium; cobalt- ^ 
chromium-molybdenum alloy matrix; and substances 
including hydroxyapitate, including for example, Osteo- 
sel™ produced by Wright Medical. Suitable pharmaceuti- 
cally active agents include but are not limited to, for 
example, growth factors including for example bone growth 
factors incltiding for example bone morphogenic protein, 
and transforming growth factor-p; cbemotherapeutic agents; 
anti-inflammatory agents; and antibiotics. 

The invention provides a composite bone graft where one 
or more continuous or discontinuous cancellous bone por- 53 
tions are demineralized and include one or more therapeu- 
tically beneficial substances. 

The invention provides a composite bone graft where one 
or more discontinuous cortical bone portions, include one or 
more therapeutically beneficial substances. 65 

The invention further provides a composite bone graft 
where one or more discontinuous cortical bone portions are 
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demineralized and inchide one or more therapeutically ben- 
eficial substances. 

The invention also provides a composite bone graft 
including a two or more distinct bone portions held together 
by one or more connectors, where the composite bone graft 
includes two diametrically opposing chamfered edges, one 
provided along the length of the graft at its top edge and the 
other provided along the length of the graft at its bottom 
edge, such that the chamfered edges are diametrically oppos- 
ing. 

The invention further provides a composite bone graft 
including two or more distinct interlocking cortical bone 
portions. 

The invention provides a composite bone graft including 
two or more distinct interlodcing bone portions, where the 
interlocking bone portions are self -locking. 

The invention also provides a composite bone graft 
including two or more distinct interlocking bone portions, 
where the interlocking bone portions are locked with one or 
more locking pins. 

The invention further provides a composite bone graft 
where bone portions are locked with one or more locking 
pins entirely or partially traversing a dimension of the 
composite bone graft 

The invention provides an interlocking composite bone 
graft where each complementary bone portion is provided 
with a discrete or continuotis interlocking pattern. 

The invention also provides an interlocking composite 
bone graft including two or more distinct adjacent bone 
portions where adjacent bone portions are configured to 
interlock with each other, and one or more bone pins 
partially or entirely traversing a dimension of the g^aft, 
where the dimension of the graft is the length, width, or 
height of the graft 

The invention provides an interlocking composite bone 
graft including two or more distinct adjacent bone portions 
where adjacent bone portions are configured to interlock 
with each other. 

The invention provides a composite bone graft including 
two or more distinct adjacent interlocking bone portions 
where adjacent bone portions inchide complementary peg- 
like protrusions and corresponding depressions, such that 
the protrusions and depressions provide an interlocking fit 
between the bone portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. FIG. 1 illustrates a perspective view of a trapezoid 
wedge composite bone graft having a non-textured surface. 

FIG, 2. FIG. 2 illustrates a side view of a trapezoid wedge 
composite bone graft having opposii^ textured surfaces 
provided perpendicular to the interfaces of the bone por- 
tions. The textured surfaces illustrate continuous linear 
protrusions defining a saw-tooth-like pattern. 

FIG. 3. FIG. 3 illustrates a cross-scctioa posterior view of 
the trapezoid wedge compo^te bone graft of FIG. 2. 

FIG. 4. FIG. 4 illustrates a cross-section anterior view of 
the trapezoid wedge composite bone graft of FIG. 2. 

FIG. 5. FIG. 5 illustrates a top view of the trapezoid 
wedge composite bone graft of FIG. 2, and having a textured 
surface. 

FIG. 6. FIG. 6 is a perspective view of the trapezoid 
wedge composite bone graft of FIG. 2, and having a textured 
surface. 

FIG. 7. FIG. 7 illustrates a perspective of a preferred 
slidably connected composite bone graft having a first 
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cortical bone portion, a second cortical bone portion, cortical portion is provided with perforations and channels, and 

bone pins, through-holes, and a centrally located void. where the composite graft includes opposing textured sur- 

FIG. 8. FIG. 8 illustrates a top view of the slidably faces provided perpendicular to the interfaces of the bone 

connected composite bone graft of FIG. 7, having a first portions. The textured surfaces illustrate continuous Unear 

cortical bone portion, a second cortical bone portion, and a 5 protrusions defining a saw-tooth-like pattem. 

cancellous bone portion disposed there between. FIG. 28. FIG. 28 illustrates a perspective view of a 

FIG. 9. HG. 9 illustrates a perspective view of a preferred rectangular block composite bone graft having a deminer- 

embodiment of the composite bone graft. alized cancellous bone portion sandwiched between two 

FIG. 10. HG. 10 illustrates a preferred cortical dowel bone portions where the composite graft includes 

composite bone graft including a plurality of cortical bone ^»PP^^^°g '^n^^' ^'"^ f perpendicular to the 

portions connected by a single cortical bone pin inserted into j^^^^f. P^^^°^- ^f"^^ surfaces lUus- 

athrou h-hole ^ *^ trate contmuous Imear protrusions definmg a saw-tooth-like 

pattern. 

FIG. IIA. RG. IIA illustrates the method of making a ™^ ™„ m -n . * j *l j r i • 

- J . ^ . ^ FIG. 29. FIG. 29 illustrates a preferred method of makmg 

preferred embodiment of the composite bone graft. 15 ^^^^^ ^^^^ 27 

FIG. UB. FIG^UB illustrates a method for producing FIG. 30. FIG. 30 illustrates a preferred method of making 

bone pms and producing a pinned graft unit. ^^^^ ^^^^^ 28 

FIG. 12. FIG. 12 iUustrates another method for making a pj^ 31A ilhistrates a top view of a composite 

composite bone graft. ^^^^ ^^^^ inchiding a void disposed between two cortical 

FIGS. 13A & 13B. FIG. 13A is a perspective view of a bone portions where the void includes one or more thera- 

preferred trapezoid block composite bone graft having peutically beneficial substances. FIG. 31B ilhistrates a per- 

opposing textured surfaces; FIG. 13B is a detail of the spcctive view of a composite bone graft inchiding a void 

protrusions of the textured surface. disposed between two cortical bone portions where the void 

FIGS. 14A, 14B & 14C. FIGS. 14A, 14B and 14C, ^ includes one or more therapeutically beneficial substances, 

illustrate a cervical wedge (flattened curved wedge) and the composite graft includes opposing textured surfaces, 

composite bone graft for use in cervical fusions where 14A piG. 32A, 32B, & 32C. FIGS. 32A, 32B, and 32C, 

is a perspective standing view, 14B is a side view, and 14C illustrate a top view, a cross-section, and a side view, 

is a perspective view where the graft is provided with respectively, of a preferred parallel block composite bone 

opposing textured surfaces. graft. 

FIG. 15. FIG. 15 illustrates a method for making a FIG. 33A, 33B, & 33C FIGS. 33A, 33B, and 33C, 

cervical wedge composite bone graft for use in cervical illustrate a top view, a cross-section, and a side view, 

fusions. respectively, of a preferred trapezoid wedge composite bone 

FIG. 16. FIG. 16 illustrates a per^ctive view of a graJft. 

mechaiucal pin connector having a slot extending from its 35 FIG. 34. FIG. 34 illustrates a per^)ective view of a 

lower end. preferred trapezoid wedge composite bone graft having 

FIG. 17. FIG. 17 illustrates a side view of the mechanical opposing textured surfaces and having a horizontally dis- 

pin connector of FIG. 16, having a slot extending from its posed channel and vertically di^x>sed canals, 

lower end. FIGS. 35A & 35B. FIG. 35 A illustrates a standing view of 

FIG. 18. FIG. 18 illustrates a cross-section view of the ^ a preferred cervical wedge composite bone graft for use in 

mechanical pin connector of FIG. 16, having a slot extend- cervical fiisions, having horizontally disposed channels and 

ing from its lower end. having a centrally lcx:ated through-hole including an osteo- 

FIG. 19. FIG. 19 iuustrates a pei^ctive view of a conductive substance. HQ MB iUustotw a 

mechanical pin connector having a plurality of horizonlany „ cervical wedge graft of FIG. 35A mcluduig a vertically 
J. 1 ^ " " '45 disposed chaimel. 

disposed grooves. ^u»^w. 

FIG. 20. FIG. 20 illustrates a perspective view of a 36B. & 36C. FIGS. 36A. 36B. and 36C, 

mechanical pin connector having heUcalthreads. ^"^^^ f «os^ion^ a top view and a side view. 

^ respectively, of a preferred trapezoid wedge composite bone 
FIG. 21. FIG. 21 illustrates a perspective view of a 

mescal pin connector having a ptarality of vertically 50 yj 3^ ^^^^ ^ ^^^^ ^ ^ 

isposed grooves. wedgp (flattened curved wedgp) composite bone graft for 

FIG. 22. FIG. 22 iUustrates a per^ctive view of a cervical fiisions. 

mechanical slotted pin comiector. 3^ 3^ ^^^^ ^ ^^^^^ ^.^^ ^ ^^.^ 

FIG. 23. FIG. 23 iUustrates a per^ctive view of a wedge (flattened curved wedge)cOTnposite bone graft for use 

mechanical pin connector havii^ a phirafity of hoiizontaUy ^ cervical fusions. 

disposed ridges. 3p 3^ ilhistrates a perspective view of a 

FIG. 24. FIG. 24 iUustrates a perspective view of a preferredembodimentof the composite bone graft inchiding 

mechanical triangular pin connector. ^wo interlocking cortical bone portions. 

FIG. 25. FIG. 25 iUustrates a perspective view of a pjcs. 40A & 40B. FIG. 40A ilhistrates a side view of a 

mechanical square pin connector preferred embodiment of a cervical wedge composite bone 

FIG. 26. FIG. 26 illustrates a perspective view of a graft including two interlocking cortical bone portions, and 

mechanical hexagon pin connector. FIG. 40B iUustrates a per^)ective view of the graft including 

FIG. 27. FIG. 27 illustrates a perfective view of a two interlocking cortical bone portions, 

rectangular block composite bone graft having a deminer- 65 FIG. 41. FIG. 41 iUustrates a perspective view of a 

aUzed cortical bone portion sandwiched between two corti- preferred trapezoid wedge bone graft including three inter- 

cal bone portions, where the demineralized cortical bone locking cortical bone portions. 
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FIGS. 42A, 42B, & 42C. FIGS. 42A, 42B, & 42C 
illustrate side views of preferred composite bone grafts 
including two interlocking cortical bone portions where the 
interlocking interface defines a sawtooth pattern, a stepped 
pattern and a lock & key pattern, respectively. 

FIG. 43. FIG. 43 illustrates a standing view of a cervical 
wedge (flattened curved wedge) composite bone graft for 
use in cervical fusions. 

FIG. 44. FIG. 44 illustrates a standing view of a cervical 
wedge (flattened curved wedge)composite bone graft for use 
in cervical fusions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

I Definitions: 

The below definitions serve to provide a clear and con- 
sistent understanding of the specification and claims, includ- 
ing the scope to be given such terms. 

Bioabsorbable polymers. 

By the term "bioabsorbable polymers" is intended for the 
purposes of the present invention, bioresorbable, 
bioabsorbable, biodegradable, and bioerodible materials that 
are well known to those of ordinary skill in the art and are 
described in Biomaterials Science-An Introduction to Mate- 
rials in Medicine^ edited by Ratner, B. D. et al.. Academic 
Press, (1996), and include for example, the following mate- 
rials: chitosan; isomorphic ploy(hcxamcthylcne co-trans-l, 
4-cyclohexane dimethylene oxalates); poly(glycolic acid); 
copolymers of poly(glycolic acid) and poly(lactic acid); 
polydioxanone; poly(latic acid); polymers having a bade- 
bone stmcture selected from the group consisting of: 
polyanhydrides, polyphophazenes, polyphosphonates, 
polyamides, and polyiminocarbonates; polyhydroxybu- 
tyrate; polyhydroxyvalerate; copolymers of polyhydroxybu- 
tyrate and polyhydroxyvalerate; polycaprolactooe; poly- 
dioxanone; poIy(Y-ethyI glutamate); poly (DTH 
iminocarbonatc); poly(Bisphenol A iminocarbonate); poly 
(DETOSU-1,6 HD-t-CDM ortho ester); poly(Scbacic acid- 
hexadecandioic acid anhydride); poly(ortho esters); poly 
(amino adds); and PLOA. Such polymers may optionally 
include one or more pharmaceutically active agents for 
controlled release applicatiois, sud) agents including for 
example: osteoinductive factors including for example bone 
morphogenic protein; growth factors induding for example 
transforming growth factor- p; chemotherap>eutic agents; 
antiobiotics; and anti-inflammatory agents. 

Biocompatible. 

By the term "biocompatible" is intended for the purposes 
of the present invention, any material which when implanted 
in a patient does iK>t provoke an adverse response in the 
patient. A suitable biocompatible material when introduced 
into a patient is not toxic or injurious to that patient, or does 
not cause immimological rejection. 

Biomechanical strength. 

By the term "biomechanical strength** is intended for the 
purposes of the present iovcntion, those properties exhibited 
by a bone graft, including loading strength, compressive 
strength, and tensile strength. 

Bone. 

By the term "bone" is intended for the purposes of the 
present invention, bone recovered firom any source including 
animal and human, for example, human bone recovered for 
the production of allografts, and animal bone recovered for 
the production of xenografts, such allografts and xenografts 
suitable for implantation into a human. Such bone includes: 
any bone or portion thereof, including cut pieces of bone, 
including cortical and/or cancellous bone, for example. 
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recovered from a human including a living human or a 
cadaver, or animal, and processed for implantation into a 
living patient. Such bones including for example: the 
humorous, hemi-pelvi, tibia, fibula, radius, ulna, rib, 

5 vertebrae, mandibular, femur, and ilia, and any cut portion 
thereof. Such bone may be demineralized or not deminer- 
alized. In a preferred embodiment a canceflous or cortical 
bone section is demineralized and disposed between two 
non-deminerahzed cortical bone portions. Suitable bone 

10 may also include continuous or discontinuous bone portions. 
For example, one or more bone portions of a composite bone 
graft may be discontinuous, for example, a bone portion may 
be perforated and demineralized, for example perforated 
either before or after demineralization, for example, to allow 

15 for uniform demineralization (perforations before 
demineralization) and to promote ingrowth of patient bone. 
Cancellous and/or demineralized cancellous and/or discon- 
tinuous cancellous and/or demineralized discontinuous can- 
cellous and or discontinuous cortical and/or demineralized 

20 discontinuous cortical, bone, may optionally include one or 
more therapeutically benefldal substances provided with or 
without a carrier, transforming growth factor-§; The com- 
posite bone graft may include a substantially void central 
area, where the substantially void central area further 

25 includes one or more therapeutically beneficial substances 
provided with or without a carrier. The material may be in 
any suitable form including for example, in the form of a 
solid, sponge, paste and/or gel. 
Bone marrow elements. 

30 By the term "bone marrow elements'* is intended for the 
piurposes of the present invention, the highly cellular 
hematopoietic connective tissue filling the medullary cavi- 
ties and ^ngy epiphysis of bones which may harbor 
bacterial and/or viral particles and/or fimgal particles, and 

35 includes for example, blood and lipid. 
Chamfer. 

By the term "chamfer^ is intended for the purposes of the 
invention, an oblique face formed at a comer of a composite 
bone graft, at an angle to the adjacent prindpal faces. 
40 Suitable angles include angles in the range of from 38*^ to 
52**, more preferably 40** to 50*, even more preferably 42** 
to 48**, and most preferably about 45**. 

Cleaned bone. 

By the term "cleaned bone** is intended for the purposes 
45 of the present invention, a bone or cut portion thereof, that 
has been processed using means known in the art, to remove 
bone marrow elements. 

Closely Spaced. 

By the term '^closely spaced** is intended for the purposes 
50 of the present invention, protrusions (discrete or continuous) 
which are in dose proximity to each other. Preferably the 
protrusions are spaced no more than 3.0 mm apart (i.e. the 
distance between the edges of two adjacent protrusions), 
more preferably no more than 2.0 mm apart, even more 
55 preferably no more than \S mm apart, and most preferably 
about 0.5 nuD apart 
Composite. 

By the term "composite" is intended for the purposes of 
the present invention, a bone graft which is made up of two 
60 or more distinct bone portions. 
Connector. 

By the term "connector*' is intended for the purposes of 
the present invention, a means of coimecting two or more 
distinct bone portions, including for example a chemical 
65 and/or mechanical means. By the term "mechanical connec- 
tor^ is intended for the purposes of the present invention, a 
structural member including for example, a pin. By the term 
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"chemical connector" is intended for the purposes of the Interlocking. 

present invention, a biocompatible composition including By the term "interlodcing" is intended for the purposes of 

for example, one or more biocompatible adhesives and one the present invention, any pattern provided on a bone portion 

or more surface modification agents and methods. which allows that bone portion to engage or interlace with 

Continuous Bone Portion. 5 ^i^olher bone portion, such that the engaged bone portions 

T» ^. ^ „ / ^- w • • * J J r *i. act as a single bone portion when stressed. Such bone 

By the term "continuous bone portion is mtended for the . ^. .J^ . . " . 

- . . . * • portions may be provided with engaging patterns mcluding 

purposes of the presem mvention a bone portion that is j^^^^ foUowing: s1ep patterns, sawtooto 

substanually sohd without any artificial void areas. ^^^^^^^^ and ridged patterns, paUerns that define mortise and 

Continuous Protmsion. By the term "continuous protru- tenon joints, and lock and key type patterns. These patterns 

sion" is intended for the purposes of the present invention, ^jay be either discrete, for example one bone portion may 

a protrusion whose length continues substantially include one or more protrusions and a complementary bone 

uninterrupted, including for example a linear or curved portion may be provided with one or more corresponding 

protrusion whose length is at least three times greater than depressions, or continuous, for example bone portions are 

its width, preferably at least five times greater, and includes provided with complementary continuous grooves' (See 

for example a continuous, protruding concentric ring, and a t5 FIGS. 39, 40, and 41). The discrete patterns, may include 

continuous linear protrusion, for example, as illustrated in protrusions and corresponding depressions of any shape and 

FIG. 2. Each continuous protrusion may or may not be size snfBcient to provide an interlocking fit, and include 

distinct fi-om another continuous protrusion. round, square, rectangular, triangular, oval, irregular, and 

Demineralized Bone combination of geometric and curved shaped protru- 

^ ^, ^ . ' 1* J . « • • * J J r 20 sions and corre^onding depressions. The depth/height of 

By the term "demmeralized bone is mtended for the j- * ^ ''^ 1. *^-. * 

^ f ^. * • J- X- L the discrete or contmuous patterns is from about 0.1 mm to 

purposes of this invention, one or more distmct bone por- u*-,^- tui^ 1^*^-1 ^i^.-i^ 

f- 1-i.t- L J * about 3.5 mm, preferably from about 02 mm to about 2.0 

tions which have been demineralized by any method well *f^„uu, frX«« «k™.* a a t« 1 « 

1 * *i_ r _j* 1 11 - *i_ /-^ 1 L mm. more preierably from about 03 mm to 1.5 mm, and 

known to those of ordinary skill m the art. Cortical bone is ' r ui i. * « r . u * ^ « r\ 

P , I J 1- J • « c * n c XT u J ui • J niost preferably from about 0.5 mm to about 1.0 mm. One 

preferably demmerahzed m 0.5 to 0.6 N hydrochlonc acid r 5 - *i, -*4 u* u*u • ^• 

r • J <r * c u * ^ * u * o u 25 of ordmary skill m the art to which the mvention pertam can 

for a penod of time of from about 1 to about 8 hours, more j-i j ; • i . j i • * ^ 

c c *• -jri. *^ u * -.CO * readily detcrmme, select and employ an appropriate depth/ 

preferably for a time penod of about two hours, at 25 C. to l • r *i. j * a. * • j *i_ j • j 

cno r> c ui * -ir-o r> ^ -sio 1^ u height of thc depression/protrusion based on the desired 

50 C., more preferably at 25 C. to 37^ C. Cancellous bone Ir,. j. *u . n i j 

r ui 5 • K J • c * i:xT u J t.i • -j graft dimensious, whether or not a pin will also be used, 

IS preferably demmerahzed m 0.5 to O.oN hydrodilonc aad i - • , t- \7 ^ -.i. . j • 

jr^- • * * ^ ^ n cunical application, etc., without undue experimentation, 

for a penod of time of from about 20 mmutes to about 6.0 ^ ^ T*^ J? • j j * * i i • 

. r r ^ • ji £ c i_ * -^rt 30 Adjacent bone portions provided with mterlocking patterns, 

hours, more preferably for a time penod of from about 30 , in f • * *l r 

•7* iT^^rti. T^rui i J/ may be self-locking such that no other connectmg means, for 

minutes to about 2.0 hours. Preferably, cortical and/or can- ^ . . . . ^ •[ 

11 t • J • I- J * * • 1 *u iA .4 /]/ example one or more pins, is necessary to form a unitary 

cellous bone is deminerauzed to contam less than 10 wt % ^ z • * i. *i! t/ * 

. , , , . r LI i_ * 1 41. r ^ /w^ structure, le. to hold the composite bone graft together, 

residual calcium, more preferably about less than 5 wt % ** i • * i i • iT «i ii 

, , . ^ r 1^%. ^^ . ^ ^ nr . Alternatively, interlocking bonc portiotts may bc locfced to 

residual calcium, even more preferably about 1 wt % to ^ ^ .^^ ^ 7 * \z r- 
J * ^ t-% 1. ^ ^ ^ ftf -j^^S form a umtary structure nsmp other connection means, for 

about 3 wt %, and most preferably abmit 2 wt % residual , . « ^* i ^ 

, . --.^i. *u J r J • 1- • 1- 11 example, one or more pins partially or entirely traversmg a 

calcium. Other methods for demineralizing bone are well ^ , f r. t. /l j- • 

t™™ ;« o w „ru:^u *««^«*?^« dimension of the composite bone graft, where thc dimension 

known in the art to which the present invention pertains, and . - i l • t.^ -j^t. i 

1- j-i j i ji- r IS for example the height, width, or length of the composite 

can be readily selected and employed by one of ordinary Ijoq^ *~ 

skill in the art, without undue experimentation. - j * • 

^. . ^ . 40 Load-bearing. 

Discontmuous Bone Portion. By the term "load-bearing-* is intended for the purposes of 

By the term "discontinuous bone portion" is intended for t^e present invention a non-demineralized b<Mie product for 

the purposes of the present invention, a bone portion that implantation in a patient at a site where the bone graft wiU 

contains artificially created void areas including for be expected to withstand some level of physical load(s). 

example, a perforated bone portion, where the perforations ^5 Locking pin. 

or channels may be of any shape and may partially or ^he term «k)cking-pin** is intended for the purposes of 

completely transverse the bone portion. Such perforations present invention, one or more pins entirely or partially 

may be randomly disposed or di^osed in a regular pattern traveling a dimen^on of a composite bone graft which 

on and/or through the bone portion. Suitable perforations ^^y^ ^ ^old the bone graft together, for example, two or 

include perforations traversir^ the width of tiie bone portion 5^ j^^^^ interlocking bone portions provided with complemen- 

provided perpendicular to the interfaces of the bone portions patterns for example, a stepped pattern, may be locked 

of the composite graft, and channels traversing the height of ^j^g foj example, one bone pin partially 

the bone portion provided paraUel to the interfaces of the traversing the length of the graft, 

bone portions of the composite graft Such perforations Mechanical Strength. 

allow for uniforai demineralization of a bone portion, and 55 ^ "mechanical strength** is intended for the 

allow for ingrowth of patient bone. Ademineralizeddiscon- purposes of the present invention, the abiKty of a bone 

tinuous bone portion may be perforated prior to demineral- aUograft to withstand mechanical loads at an implant site 

ization or after demineralization. without failing. 

Discrete Protrusion. Materials properties. 

By the term "discrete protrusion" is intended for the 60 By the term "materials properties" is intended for the 

purposes of the present invention, a protrusion which is purposesof the present invention, those properties present in 

discontinuous, i.e. which has a distinct length and width, normal frei^ bone and include loading strength, compres- 

where each discrete protrusion is separate and distinct from sive strength, tensile strength, and brittleness. 

every other discrete protrusion, and includes for example a Normal bone. 

protrusion whose length is less than three times its width, 65 By the term "normal bone" is intended for the purposes of 

preferably less than twice its width and more preferably a the present invention, fresh hydrated autogenous and/or 

protrusion whose length is about equal to its width. fresh-frozen hydrated allograft bone tissue. 
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Osteoconductivity. 

By the term "osteoconductivity" is intended for the pur- 
poses of the present invention, the ability of a substance 
which by its presence conducts osteoinductive activity. 
Suitable osteoconductive materials include but are not lim- 
ited to, for example, one or more biocompatible matrix 
materials. Suitable osteoconductive substances include but 
are not limited to, for example, hydroxyapitatc; collagen; 
any biocompatible matrix material including for example, 
polymeric matrix materials, bioglass, bioceramics, resorb- 
able Biomaterials, bioabsorbable polymers, a plastic matrix, 
stainless steel, titanium, and cobalt-cbromium-molybdenum 
alloy matrix; and substances including hydroxyapitate, 
including for example, Osteoset™ produced by Wright 
Medical. 

Osteoinductivity. 

By the term "osteoinductivity" is intended for the pur- 
poses of the present invention, the ability of a substance to 
promote bone growth. Suitable osteoinductive substances 
include but are not limited to, for example, autograft bone; 
allograft bone; Grafton™ produced by Osteotech; Dyna- 
Graft™; demineralized cortical bone; demineralized cancel- 
lous bone; collagen including one or more growth factors 
including for example Novus™ produced by Stryker Bio- 
tech; collagen including demineralized bone including for 
example DynaGraft™; cancellous bone; cortical bone; 
OpteoFom™ produced by the University of Florida; Osteo- 
Fill™ produced by the University of Florida; growth factors 
including for example, bone morphogenic protein and trans- 
forming growth factor-p. Preferably, when a demineralized 
bone product is used the bone is demineralized to contain 
less than 6 wt % residual calcium, more preferably dem- 
ineralized to contain 1 wt % to about 3 wt % re^dual 
calcium, and most preferably demineralized to contain about 
2 wt % residual calcium. 

Parallelepiped. 

By the term "parallelepiped" is intended for the purposes 
of the present invention, a six-faced polyhedron all of whose 
faces are parallelograms lying in pairs of parallel planes. 

Polyhedron. 

By the term "polyhedron" is intended for the purposes of 
the present invention, a solid formed by plane faces, pref- 
erably formed by six faces. 

Protrusion. 

By the term ''protrusion" is intended for the purposes of 
the present invention, an irr^:ularity in a surface of a bone 
allograft having a height of from 0.1 to 5.00 mm, preferably 
0.3 to 3.0 mm, more preferably 0.5 to 1.5 mm, and most 
preferably 0.75 mm to 1.2 nmi. The protrusions can be 
discrete, continuous, or a combination thereof, and can be of 
any shape includiog for example: irregulan pyrimidal; coni- 
cal; cuboidal; rectangular; and cylindrical; or any combina- 
tion thereof. Further, a cross-section of a continuous or 
discrete protrusion may be of any ^ape induding for 
example: irregular; rectangulai^ square; oval; round; trian- 
gular, trapizoidal; and a regular or irregular curve; or any 
combination thereof. The protrusions can be provided on the 
bone allograft surface in a regular, symmetric pattern includ- 
ing for example a linear pattern or in an irregular pattern. 

Self-locking, interlocking pattern. 

By the term "self-locking, interlocking pattern" is 
intended for the purposes of the present invention, any 
complementary patterns provided on adjacent bone portions 
which enable the bone portions: to interlodc, act as a unitary 
structure, and the bone portions are held together, without 
the use of any additional connecting means. 
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Stability. 

By the term "stability** is intended for the purposes of the 
present invention the ability of the present composite bone 
graft to remain at an implantation site without significantly 
5 shifting, rotating, or beirig extruded. 
Stress. 

By the term "stress" is intended for the purposes of the 
present invention, load per unit cross^sectional area. 
Textured. 

10 By the term **textured" is intended for the purposes of the 
present invention, a composite bone graft having one or 
more textured surfaces provided on the surface of the 
composite bone graft where the surface of the composite 
bone graft can be any surface or a portion of any surface 

15 including a natural surface and/or a cut surface. The textured 
surface preferably includes a plurality of protrusions pro- 
vided on the surface or a portion thereof the protrusions of 
a shape including for example, irregular; pyrimidal; conical; 
cuboidal; rectangular, trapizoidal; curved; and cylindrical; 

20 or any combination thereof. The protrusions can be discrete, 
continuous, or a combination thereof. 
Therapeutically Beneficial. 

By the term "therapeutically beneficial** is intended any 
material which by its action or presence, bring about a 

25 therapeutic result in a patient. Such materials include but are 
not lunited to, for example, one or more of the following: 
osteoinductive substances, osteoconductive substances, and 
pharmaceutically active agents. Such therapeutically benefi- 
cial substances may optionally be provided with a carrier. 

30 Suitable osteoinductive substances include but are not lim- 
ited to, for example, autograft bone; allograft bone; 
Grafton™ produced by Osteotech; DynaGraft™; deminer- 
alized cortical bone; demineralized cancellous bone; col- 
lagen irKluding one or more growth factors including for 

35 example Novus™ produced by Stryker Biotech; collagen 
including demineralized bone including for example Dyna- 
Graft™; cancellous bone; cortical bone; OpteoForm™ pro- 
duced by the University of Florida; OsteoFill™ produced by 
the University of Florida; growth factors including for 

40 example bone morphogenic protein, and transforming 
growth factor-p. Suitable osteoconductive substances 
include but are not limited to, for example, hydroxyapitate; 
coUagen; any biocompatible matrix material including for 
example, polymeric matrix materials, bioglass, bioceramics, 

45 resorbable Biomaterials; bioabsorbable polymers; a plastic 
matrix; stainless steel; titanium; cobalt-chromium- 
molybdenum alloy matrix; and substances including 
hydroxyapitate, including for example, Osteoset™ produced 
by Wright Medical. Suitable pharmaceutically active agents 

50 include but are not limited to, for exan^le, growth factors 
including for example bone growth factors including for 
example bone morphogenic protein, and transforming 
growth factor-p, and transforming growth factor-p; chemo- 
therapeutic agents; anti-inflaomtiatory agents; and antibiot- 

55 ics. 

n. Procurement and Prcliminaiy Processing of Bone Ussue 
Suitable bone tissue includes bone obtained from any 
animal or human source. Preferably, bone graft tissue can be 
obtained from the patient himself (autologous bone) or from 

60 a cadaver (allograft bone). When allograft bone tissue is 
used, it is processed under strict aseptic conditions in 
certified clean room operating suites. The bone tissue is 
preferably processed to remove all soft tissue, including 
marrow and blood, to produce a cleaned bone graft. Suitable 

65 processing methods are well known to those skilled in the art 
and can be readily selected and employed by those of 
ordinary skill in the art without imdue experimentation. 
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Suitable methods include the methods disclosed in, for 
example, U.S. Pat Nos: 5,556,379; 5,820,581; and 5,797, 
891. 

After processing, the cleaned grafts are packaged under 
sterile conditions and stored for latter processing into the 
present composite bone allograft, or immediately processed 
into the present composite bone allograft followed by appro- 
priate packaging. The use of fresh-frozen and/or fireeze- 
dried, bone allografts are preferred. 
III. How to Make a Preferred Embodiment of the Composite 
Bone Graft. 

FIG. IIA illustrates a preferred method 60 of making the 
present composite bone graft. A composite bone graft having 
of any size necessary for a particular application, can be 
made using the preferred method discussed hereafter. A 
cortical bone shaft 61 is obtained from a cadaver and is 
transected into cortical sections 62 having a length 63 of at 
least 18.0 mm, preferably at least 21.0 mm. 

A cortical section 62 is then first cut to produce a cortical 
plank 64, the remaining cortical section 62a is turned and 
again cut to produce a second cortical plank, the remaining 
cortical plank 62b is again turned and cut into third and 
fourth cortical planks 64. The cortical planks 64 are cut to an 
appropriate width 65 and thickness 66. The concave surface 
64a of the plank 64 can be smoothed if needed to produce 
a smoothed plank 67. Opposing edges 67a and 67b can be 
cut such that the cut surfaces 67c and 67d are approximately 
parallel. The cut width 68 should be larger than the final 
composite bone graft width. More ^ecifically, cut width 68 
is preferably greater than about 12.0 mm. 

The convex surface 64b of plank 64 is then smoothed to 
produce a smoothed plank 69. The smoothed plank 64 is 
further smoothed by for example, milling, such that the 
opposing surfaces 64a and 646, and 67c and 67^, are 
parallel, to produce a parallel plank 70 having a thickness 71 
of at least 1.0 mm, preferably &om about 1.5 mm to about 
6.0 mm, and more preferably firom about 2.0 mm to about 
5.5 mm. 

FIG. IIB illustrates cortical pins 7 cut from a cortical 
section 62, using for example a drill press 72 or other means 
known in the art. The cortical pins 7, can also be made from 
a cortical plank 64, for example by turning on a lathe. The 
pins 7 have a diameter of firom about 1.0 to about 6.0 mm, 
preferably from about 1.5 mm to about 4.5 mm, and more 
preferably from about 2.0 mm to about 4.0 mm. 

If the composite bone graft includes cancellous bone, 
cancellous bone planks 73 are produced and sized by the 
method as described above for producing cortical bone 
planks 69 and 70. The composite bone tmit 74 is then 
assembled as desired, for example a cortical parallel plank 
70, a cancellous plank 73, and another cortical parallel plank 
70. The composite bone unit 74 has a height 74a, a width 
74b and a length 74c. The height 74a, width 74b and length 
74c, can be readily selected by one of ordinary skill in the 
art, depending on factors including for example, the par- 
ticular application and site of implantation in a patient. The 
planks are secured and holes 5 are drilled there through. The 
through-holes 5 are sized such that a tight or ftictional fit is 
provided between a pin 7 and a though-hole 5. The cortical 
pins 7 are then inserted through the through-boles 5, and 
pressed to fit if needed, to produce pinned composite graft 
75. The cortical bone pins 7 have a diameter 8 sufficient to 
provide an interference fit or frictional fit between a pin 7 
and a through-hole 5. More specifically the diameter 8 of a 
cortical pin 7 is generally the same or slightly larger than the 
diameter 6 of a through-hole 5 into which it is to be inserted. 
The diameter of the pin 7 is preferably no more than 1.5 mm 
larger than the diameter of the through-hole 5. 
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The assembled pinned graft can thereafter be shaped as 
desired, for example into a trapezoid shaped graft and 
appropriately dimensioned to produce a composite bone 
graft. One or more surfaces of the composite bone graft may 

5 be textured if desired, for example, depending upon the 
particular application. 

FIG. 12 illustrates an additional method 33 of making a 
preferred embodiment of the present composite bone graft. 
A cross-section of a femur is obtained from a cadaver, and 

10 cleaned using methods well known to those of ordinary skill 
in the art to which the present invention pertains, to remove 
bone marrow elements thereby producing the cleaned femu- 
ral ring 34. The cleaned femural ring is then sectioned into 
several sections of cortical bone including a first cortical 

15 bone portion 35 and a second cortical bone portion 36, each 
portion having a width 37 of firom about 2.0 to about 10.0 
mm; preferably of from about 4.0 to about 8.0 mm; and more 
preferably of from about 5.0 to about 6.0 mm. Portions 35 
and 36 are then held together to form a graft unit 38 having 

20 a width of 39 which is at least 4.0 mm; preferably greater 
than 9.0 mm; using for example, a clamp, and one or more 
through-holes 5 having a diameter 6 of about 0.5 mm to 
about 10.0 mm, preferably 2.0 mm to about 5.0 mm, more 
preferably 2.0 mm to about 4.0 mm, are then drilled there 

25 through. 

Cortical pins 7 are produced from cortical bone by 
methods well known to those of ordinary skill in the art to 
which the present invention pertains. The pins 7 have a 
diameter of from 1.0 mm to about 6.0 mm, preferably fix>m 

30 about 1.5 mm to about 4.5 mm, and more preferably from 
about 2.0 mm to about 4.0 mm. The graft unit 38, having 
through-holes 5 drilled there through is then placed in a 
press and one or more cortical pins 7 are inserted into the 
through-holes 5. 

35 Thereafter, one or more surfaces 44 of the composite bone 
graft 45 can be textured by for example, miUing to create a 
desired texture including the illustrated continuous linear 
protrusions (sawtooth pattern). Preferably, the composite 
bone graft includes opposing textured surfaces disposed 

40 perpendicular to the interface(s) of the bone portions. 

FIG. 15 illustrates a preferred method for making a 
cervical wedge (fiatteoed curved wedge) composite bone 
graft. Cortical planks 70 are produced and pinned using 
cortical pins 7 as previously described in FIGS. UA and UB 

45 to form a pinned cortical graft unit 89. The piimed graft unit 
89 has a height 90, a length 91 and a width 92. The pinned 
graft unit 89 is then cut and shaped 94 to a designated pattern 
93 to form a flattened curved block 95. A through-hole 83 is 
then provided centrally through the flattened curved block 

50 95 using for example a drill press 72. Hie top 96 and bottom 
97 faces of the block 95 are then provided with a slope at an 
angle 98 for example by milling. The top 96 and/or bottom 
97 faces may optional^ be textured, for example by pro- 
viding the faces with a plurality of pyrimidal protrusions. 

55 FIG. 29 illustrates a method of making a composite bone 
graft 99 including a discontinuous, demineralized, cortical 
bone portion 100 disposed between two cortical bone por- 
tions 70. The cortical parallel planks 70 are produced as 
discussed above in reference to FIG. 11. The discontinuous, 

60 demineralized, cortical bone portion 100 is produced by first 
producing a cortical parallel plank 70, as described above in 
reference to FIG. 11. The cortical parallel plank 70 is then 
perforated, for example using a drill press, to create perfo- 
rations 101 traversing the width of the plank, and to create 

65 channels 102 traversing the height of the plank, to produce 
a discontinuous bone plank 103. Hie discontinuous bone 
plank 103 is then demineralized by any method well known 
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to those of ordinary skill in the art, including for example, diameter 8. The composite bone graft 1, has a length 9, a 

demineralizing in 0.5-0. 6N hydrochloric acid at from 25° C. posterior height 13, an anterior height 11, a composite width 

to 50° C, preferably at from 25** C to 37° C, for a period 12, and section widths 10a, lOb, 10c. 

of time of from about 1 hour to about 8 hours, preferably for FIG. 2 illustrates a side view of a composite bone graft 1 

about 2 hours, more preferably demineralization is carried 5 having opposing textured surfaces 14a and 14b provided 

out until the discontinuous bone plank 103 contains less than perpendicular to the interfaces of the bone portions. 14a and 

6 wt % residual calcium, preferably about 1 wt % to about 146 illustrate continuous linear protrusions defining a saw- 

3 wt % residual calciiun, and most preferably demineralized tooth-like pattern. 

to contain about 2 wt % residual calcium, to produce a FIG. 3 illustrates a cross-section posterior view of com- 

demineralized discontinuous plank 100. The demineralized lo posite bone graft 1, illustrating section widths 10a, 106, and 

discontinuous bone plank 100 and the cortical parallel 10c of bone portions 2, 3, and 4, respectively, and having an 

planks 70 are then assembled, shaped, and textured to anterior height U and composite width 12. 

produce the composite bone graft 99, according to the IIG. 4 illustrates a cross-section anterior view of com- 

methods described in reference to FIG. 11. posite bone graft 1, illustrating an posterior height 13 and 

FIG. 30 illustrates a method of making a composite bone is composite width 12. 

graft 105 including a demineralized cancellous bone portion FIG. 5 illustrates a top view of composite bone graft 1 

106 disposed between two cortical bone portions 70. The illustrating cortical bone portions 2 and 4, cancellous bone 

cortical parallel planks 70 are produced as discussed above portion 3 disposed there between, and textured surface 146. 

in reference to FIG. 11. The demineralized cancellous bone FIG. 6 is a perspective view of composite bone graft 1 

portion 106 is produced by first producing a cancellous 20 illustrating cortical bone portions 2 arxl 4, cancellous bone 

parallel plank 73, as described above in reference to FIG. U. portion 3 disposed there between, textured surfaces 14a and 

The cancellous parallel plank 73 is then demineralized by 146, and cortical bone pins 7. 

any method well known to those of ordinary skill in the art, FIG. 7 illustrates a perspective of a preferred composite 

including for example, demineralizing in 0.5-O.6N hydro- bone graft 15 having a first cortical bone portion 16, a 

chloric acid at from 25° C. to 50° C, preferably at from 25° 25 second cortical bone portion 17, cortical bone pins 18, 

C. to 37° C, for a period of time of from about 20 minutes through-holes 19, and void 107, where the diameter of the 

to about 6.0 hours, preferably for about 30 minutes to about through-holes 19 and the diameter of the cortical bone pins 

2.0 hour to produce a demineralized cancellous bone plank 18 are configured to allow a slidable connection between the 

106. More preferably, demineralization is carried out until bone portions 16 and 17, and the bone portions 16 and 17 

the bone plank 106 produced, contair^ less than 6 wt % 30 and the cortical bone pins 18. The composite bone graft 15 

residual calcium, preferably about 1 wt % to about 3 wt % includes a top textured surface 146 and a bottom textured 

residual calcium, and most preferably demineralized to surface 14a disposed perpendicular to an interface between 

contain about 2 wt % residual calcium. The demineralized bone portions 16 and 17. Composite bone graft 15 may 

cancellous bone plank 106 and the cortical parallel planks 70 optionally include one or more cancellous or cortical bone 

are then assembled^ shaped, and textured to produce the 35 portions disposed between and slidably connected to cortical 

composite bone graft 105, according to the methods bone portions 16 and 17, and to cortical bone pins 18. 

described in reference to FIG. 11. FIG. 8 illustrates a top view of composite bone graft 15 

Composite bone grafts including two or more distinct having a first cortical bone portion 16, a second cortical bone 

cortical bone portions each bone portion provided with a portion 17, and a cancellous bone portion 20 disposed there 

pattern thereon to enable the bone portions to interlock or 40 between, with one portions 16, 17, and 20 being slidably 

engage, are made by first making cortical bone planks as cormected with cortical bone pins 19. This graft can be used 

described. After the planks are made they are each provided in place of the traditional iliac crest wedge, 

with a pattern, for example a discrete or continuous pattern. FIG. 9 illustrates a per^>ective view of a preferred com- 

Tbe patterned planks are then fitted together. The patterned posite bone graft 21 including a first cortical bone portion 

planks may be self -locking, ie, provided with a "key" type 45 22, a second cortical bone portion 23, a third cortical bone 

pattern, to form a unitary structure, or may be locked using portion 24, through-holes 5 and cortical bone pins 7. 

one or more pins entirely or partially traversing a dimension, FIG. 10 illustrates a preferred composite bone graft 25 

ie. the graft's height, width, and/or length. Thereafter, the including a plurality of cortical bone portions including a 

locked graft is shaped to form the composite bone graft. first cortical bone portion 26, a second cortical bone portion 

Suitable patterns include any complementary patterns which 50 27, a third cortical bone portion 28, a forth cortical bone 

when provided on two or more adjacent bone portions, portion 29, a fifth cortical bone portion 30, and a single 

enable two or more bone portions to act as one, where the cortical bone pin 31 inserted in through-hole 32. This graft 

patterns are self-locking or are locked with one or more can be used in place of the traditional cloward dowel, 

additional cormection means, including for example one or FIG. 13 A is a perspective view of a preferred trapezoid 

more pins. S5 block composite bone graft having opposing textured sur- 

IV. Description of Preferred Embodiments of the Composite faces which include a plurality of protrusions 80, and having 

Bone Graft a first cortical bone portion 2, a second cortical bone portion 

The present composite bone graft provides a bone graft 4, a cancellous bone portion 3 sandwiched between bone 

which can be appropriately sized for any application, has portions 2 and 4, through-holes 5, and a cortical bone pins 

increased stability of the graft at an implant site and pro- 60 7 having a diameter 8. The composite bone graft, has a 

motes the ingrowth of patient bone, while providing excel- length 9, a po^erior height 13, an anterior height 11, a 

lent mechanical strength. composite width 12, section widths 10a, 106, and 10c, a 

FIG. 1 illustrates a perspective view of a preferred com- length 76 which is the length of the graft measured from the 

posite bone graft 1 including a first cortical bone portion 2, anterior end to the center of the first pin 7, a length 77 which 

a second cortical bone portion 4, a cancellous bone portion 65 is the length of the graft measured from the center point of 

3 sandwiched between bone portions 2 and 4, a through-hole a first pin 7 to a center point of a second pin 7, and a length 

5 having a diameter 6, and a cortical bone pin 7 having a 78 which is the length of the graft measured from a center 
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point of a second pio to the posterior end of the graft. The FIG. 31A illustrates a top view of a rectangular block 

textured surface is detailed in FIG. 13B. The protrusions 80 composite bone graft 108, including a first cortical bone 

have a height of 81, and are cut in a "saw-tooth" pattern at portion 2, a second cortical bone portion 4, a void 107 

an angle of 79. disposed between cortical bone portions 2 and 4, and cortical 

FIGS. 14A, 14B and 14C. illustrate a cervical wedge 5 bone pins 7. The void 107 includes one or more iberaDeu- 

compositebone graft (flattened curved wedge composite ^^aUy beneficial substances 109. 

bone graft) for use in cervical fiisions where 14A is a pjc. 31b illustrates a perspective view of a rectangular 
perspecUve standing view. 14B ,s a side view, and 14C is a block composite bone graft 108. including a first cortical 
perspecuve view where toe graft is provided with opposmg ^one portion 2, a second cortical bone portfon 4, a void 107 
textured stu-faces. The flattened curved wedge composite ju* *jiu ^ j^.t. l 
bonegraftincludes first and second cortical bone ponions82 tT'f ! bone portions 2 and 4 tto^^^ 
held together by two cortical bone pins 7 to form a pimied ^^^^ ^' f ^^^^^ ^"f P^°f ^-^f ^'^J^'^i!^^ 
graft unit, and the pinned graft unit having a hole 83 or more therapeuUcaUy beneficial substances 109. The corn- 
disposed there through located between pins 7. The cervical P^^^^ 108includes opposmg texmred surfaces 
fusion graft has a diameter 84, a width 85, an front com- 146 provided perpendicular to the interfaces of the 
posite width 87, and a back composite width 86. The ^^^^ portions 2 and 4, with the therapeutically beneficial 
cervical fusion graft as shown in FIG. 14C has textured substance 109, and defining a saw-tooth-like pattern, 
opposing faces which include a plurality of pyrimidal pro- FIGS. 32A, 32B and 32C, illustrate a parallel block 
trusioos 88. composite bone graft where 32A is a cross-section view, 32B 

FIG. 16 illustrates a perspective view of a mechanical is a top-view, and 32C is a is a side view of the width of the 

connector 46 having a slot 47 extending from its lower end. 20 composite graft, where the graft is provided with opposing 

FIG. 17 illustrates a side view of mechanical connector 46 textured surfaces. The composite bone graft includes first 

having a slot 47 extending from its lower end. and second cortical bone units 110, a cancellous bone 

FIG. 18 illustrates a cross-section view of mechanical portion 3 sandwiched between bone units 110, through -holes 

connector 46 having a slot 47 extending fixim its lower end. 5, and a cortical bone pins 7 (The diameter of eadi bone pin 

FIG. 19 illustrates a perspective view of a mechanical 25 may be the same or different depending on the particular 

connector 48 having a plurality of horizontally disposed application, implant and size of the graft, the diameter of a 

grooves 49. pin is preferably about 1.0 to about 5.0 mm, more preferably 

FIG. 20 illustrates a perspective view of a mechanical from about 1.5 mm to about 4.0 mm, even more preferably 

connector 50 having helical threads 51. from about 2.0 to about 3.5 mm, and most preferably 2.5 to 

FIG. 21 illustrates a perspective view of a mechanical 30 3.0 mm). The composite bone graft, has a length 9 

connector 52 having a plurality of vertically di;^osed (preferably from 5.0 to about 50.0 mm, more preferably 

grooves 53. from about 10.0 to about 30.0 mm, even more preferably 

FIG. 22 illustrates a perspective view of a mechanical from about 15.0 mm to about 25.0 mm, and most preferably 

slotted pin connector 54. about 21.0 mm), a height 112 (preferably fix)m about 3.0 mm 

FIG. 23 illustrates a perspective view of a mechanical 35 to about 30.0 mm, more preferably from about 5.0 mm to 

connector 55 having a plurality of horizontally di^Kised about 25.0 mm^ even more preferably from about 8.0 mm to 

ridges 56. about 15.0 mm), a composite width 12 (preferably from 

FIG. 24 illustrates a perspective view of a mechanical about 4.0 mm to about 20.0 mm, more preferably from about 

triangular pin connector 57. 5.0 mm to about 15.0 mm), section widths 10a, 10i>, and 

FIG. 25 illustrates a perspective view of a mechanical 40 lOt, which are preferably 4.0 mm, 3.0 mm, and 4.0 mm; 4.0 

square pin connector 58. nmi, 5.0 mm, and 4.0 mm; and 3.0 mm, 5.0 mm, and 3.0 

FIG. 26 illustrates a per^ctive view of a mechanical mm; respectively, where two bone portions 111 are layered 

hexagon pin connector 59. to form the bone unit 110, and where the width of each bone 

FIG. 27 illustrates a per^ctive view of a rectangular portion 111 is such that when layered with another bone 

block composite bone graft 99, including a first cortical bone 45 portion 111, the resultant width 113 is as desired, for 

portion 2, a second cortical bone portion 4, a discontinuous, example, 4.0 mm. The bone graft has a length 76 (for 

demineralized cortical bone portion 104 disposed between example when the length of the graft is 21.0 mm, length 76 

cortical bone portions 2 and 4, where the discontinuous, is preferably about 7.5 mm) which is the length of the graft 

demineralized cortical bone portion 100 includes perfbra- measured from the anterior end to the center of the first pin 

tions traversing the width of the bone portion 100 and are 50 7, a length 77 (for example when the length of the graft is 

disposed perpendicular to the interfaces of the bone portions 21.0 mm, length 77 is preferably about 8.0 mm) which is the 

2, 100 and 4, arxl channels 102 traversing the height of bone length of the graft measured from the center point of a first 

portion 100 and are disposed parallel to the interfaces of the pin 7 to a center point of a second pin 7, and a length 78 (for 

bone portions 2, 100, and 4, through-holes 5, and cortical example when the length of the graft is 21.0 mm, length 78 

bone pins 7. The composite bone graft 99 includes opposing 55 is preferably about 5.5 mm) which is the length of the graft 

textured surfaces 14a and 14b provided perpendicular to the measured firom a center point of a second pin to the posterior 

interfaces of the bone portions and defining a saw-tooth-like end of the graft. The protrusions 80 have a height of 81 

pattern. (preferably from about 0.5 mm to about 2.5 mm, more 

FIG. 28 illustrates a perspective view of a rectangular preferably from about 1.0 mm to about 2.0 mm, and most 

block composite bone graft 105, including a first cortical 60 preferably from about 1.1 mm to about 1.6 mm), and are cut 

bone portion 2, a second cortical bone portion 4, a deminer- in a "saw-tooth" pattern at an angle (preferably about 60*). 

alized cancellous bone portion 106 disposed between corti- FIGS. 33A, 33B, and 33C, illustrate a trapezoid wedge 

cal bone portions 2 and 4, through-holes 5, and cortical bone composite where 33A is a cross-section view, 33B is a 

pins 7. Tlie composite bone graft 105 includes opposing top-view, and 33C is a side view of the width of the 

textured surfaces 14fl and 14b provided perpendicular to the 65 composite graft. The composite bone graft includes first and 

interfaces of the bone portions and defining a saw-tooth-like second cortical bone units HO, a cancellous bone portion 3 

pattern. sandwiched between bone units 110, through-holes 5, and a 
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cortical bone pins 7 (The diameter of each bone pin may be 
the same or different depending on the particular application, 
implant and size of the graft, the diameter of a pin is 
preferably about 1,0 to about 5.0 mm, more preferably from 
about 1.5 to about 4.0 mm, even more preferably from about 
2.0 to about 3.5 mm, and most preferably 2.5 to 3.0 mm). 
The composite bone graft, has a length 9 (preferably from 
5.0 to about 50.0 mm, more preferably from about 10.0 to 
about 30.0 mm, even more preferably from about 15.0 mm 
to about 25.0 mm, and most preferably about 21.0 mm), an 
anterior height U (preferably from atx)ut 3.0 mm to about 
30.0 mm, more preferably from about 5.0 mm to about 25.0 
mm, even more preferably from about 8.0 mm to about 15.0 
mm), a posterior height 13 (preferably from about 5.0 mm 
to about 50.0 mm, more preferably from about 7.0 mm to 
about 25.0 mm, and even more preferably from about 10.0 
to about 15.0 mm), a composite width 12 (preferably from 
about 4.0 mm to about 20.0 mm, more preferably from about 
5.0 mm to about 15.0 mm, section widths lOfl, 106, and 10c, 
which are preferably 4.0 mm, 3.0 mm, and 4.0 mm; 4.0 mm, 
5.0 mm, and 4.0 mm; and 3.0 mm, 5.0 mm, and 3.0 mm; 
respectively, where two bone portions 111 are layered to 
form the bone unit 110, and where the width of each bone 
portion 111 is such that when layered with another bone 
portion 111, the resuUant width 10a or lOt is as desired, foi 
example, 4,0 mm. The bone graft has a length 76 (for 
example when the length of the graft is 21.0 mm, length 76 
is preferably about 7.5 mm) which is the length of the graft 
measured from the anterior end to the center of the first pin 
7, a length 77 (for example when the length of the graft is 
21.0 mm, length 77 is preferably about 8.0 mm) which is the 
length of the graft measured from the center point of a first 
pin 7 to a center point of a second pin 7, and a length 78 (for 
example when the length of the graft is 21.0 mm, length 78 
is preferably about 5.5 mm) which is the length of the graft 
measured firom a center point of a second pin to the posterior 
end of the graft. The protrusions 80 have a hei^t of 81 
(preferably from about 0.5 mm to about 25 mm, more 
preferably from about 1.0 mm to about 2.0 mm, and most 
preferably from about 1.1 mm to about 1.6 mm), and are cut 
in a "saw-tooth" pattern at an ai^e (preferably about 60*). 

FIG. 34 illustrates a trapezoid wedge composite bone 
graft 113 including a first cortical bone portion 2, a second 
cortical bone portion 4, opposing textui^ surfaces 14a and 
14b, vertically disposed channels 114 (preferably channels 
114 have a diameter of from 0.25 mm to about 5.0 mm, more 
preferably firom about) 0.5 mm to about 4.0 mm, and most 
preferably from about 1.0 mm to about 3.0 mm), and 
horizontally di^sed channel 115 (preferably channels 115 
have a diameter of from about 0.5 to about 6.0 nom, more 
preferably from about 1.0 nun to about 5.0 mm, and most 
preferably from about 2.0 mm to about 4.0 mm). The 
composite bone graft also includes cortical bone pins 7 
(preferably bone pins 7 have a diameter of from about 2.0 
mm to about 3.5 mm, more preferably from about 25 mm 
to about 3.0 nmi, where each pin may have the same or a 
different diameter) and through-holes 5. The channels may 
optionally include one or more therapeutically beneficial 
substances. Hie graft has a length 9 (preferably from 5.0 to 
about 50.0 mm, more preferably from about 10.0 to about 
30.0 mm, even more preferably from about 15.0 mm to 
about 25.0 mm, and most preferably about 21.0 mm), an 
front height 11 (preferably from about 3.0 mm to about 30.0 
mm, more preferably from aboiU 5.0 mm to about 25.0 mm, 
even more preferably from about 8.0 mm to about 15.0 mm), 
a back height 13 (preferably from about 5.0 mm to about 
50.0 mm, more preferably from about 7.0 mm to about 25.0 
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mm, and even more preferably from about 10.0 to about 15.0 
mm), a composite width 12 (preferably from about 4.0 mm 
to about 20.0 mm, more preferably from about 5.0 mm to 
about 15.0 mm and most preferably about 6.0 mm to about 
5 8.0 mm), and a section width 116 (preferably from about 1.0 
mm to about 5.0 mm, more preferably from about 2.0 mm 
to about 4.0 mm, and most preferably from about 3.0 mm to 
about 3.5 mm). 

FIG. 35A illustrates a standing view of a cervical wedge 

10 composite bone graft having a textured surface 117a. The 
cervical wedge composite bone graft includes first and 
second cortical bone portions 82 held together by two 
cortical bone pins 7 to form a pinned graft unit, and the 
pinned graft \init having a throu^-hole 83 (preferably from 

15 about 2.0 mm to about 8.0 mm in diameter, more preferably 
from about 3.0 mm to about 5.0 mm) disposed there through 
located between pins 7. The cervical fusion graft has a 
diameter 84, a width 85, a front composite width 87, and a 
back composite width 86. The cervical wedge also includes 

20 horizontally disposed channels 115 (preferably chaimels 115 
have a diameter of from about 0.5 to about 10.0 mm, more 
preferably from about 1.0 mm to about 5.0 nun, and most 
preferably from about 2.0 mm to about 4.0 mm), and one or 
more therapeutically beneficial substances 109, for example 

25 cancellous bone or demineralized cancellous bone, disposed 
in through-hole 83 and/or chaimels 115. FIG. 35B illustrates 
a side view of the cervical wedge composite bone graft of 
FIG. 35Aand includes opposing textured surfaces 117a and 
1176, and a vertically disposed channel 118. The top and 

30 bottom surfaces of the graft are sloped at angel 119 and 120, 
respectively. Angle 119 is preferably firom about 0* to about 
10*, more preferably firom about 0* to about 7*, and in this 
figure it is 0**. Angle 120 is preferably from about 0** to about 
10°, more preferably firom about 0* to about T, and in this 

35 figure the angle is 7*, that is the graft slopes at 7^. 

FIGS. 36A, 36B, and 36C, illustrate a trapezoid wedge 
composite bone graft inchiding two cortical bone portions 
where 36A is a cross-section view, 36B is a top-view, and 
36C is a side view of the width of the composite graft. The 

40 composite bone graft includes first and second cortical bone 
portions 2 and 4, through-holes 5, and a cortical bone pins 
7 (The diameter of each bone pin may be the same or 
different depending on the particular application, implant 
and size of the graft, the diameter of a pin is preferably about 

45 1.0 to about 5.0 mm, more preferably from about 1.5 to 
about 4.0 mm; even more preferably from about 2.0 to about 
3.5 mm, and most preferably 2.5 to 3.0 mm). The composite 
bone graft, has a length 9 (preferably firom 5.0 to about 50.0 
mm, more preferably firom about 10.0 to about 30.0 mm, 

50 even more preferably from about 15.0 mm to about 25.0 
mm, and most preferably about 21.0 mm to 23 mm), an 
anterior (shorter) height 11 (preferably finom about 3.0 mm 
to about 30.0 mm, more preferably from about 5.0 mm to 
about 25.0 mm, even more preferably firom about 8.0 mm to 

55 about 15.0 mm), a posterior (longer) height 13 (preferably 
from about 5.0 mm to about 50.0 mm, more preferably from 
about 7.0 mm to about 25.0 mm, and even more preferably 
from about 10.0 to about 15.0 mm), a composite width 12 
(preferably from about 4.0 mm to about 20.0 mm, more 

60 preferably from about 5.0 mm to about 15.0 mm, section 
widths 124, which are preferably from about 2.0 mm to 
about 5.0 mm, more preferably from about 2.5 mm to about 
4.0 mm, and most preferably about 3.5 mm±0.5 mm. The 
bone graft has a length 122 (for example when the length of 

65 the graft is 23.0 mm, length 122 is preferably about 5.5 mm) 
which is the length of the graft measured from the posterior 
(longer) end to the center of the first pin 7, a length 123 (for 
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example when tbe length of the graft is 23.0 mm, length 123 
is preferably about 13.5 mm) which is the length of the graft 
measured from the posterior (longer) end to the center point 
of the second pin 7. The graft is chamfered at diametrically 
opposed edges including edge 140 at an angle 125 of 
preferably about 45** at a depth 126 of preferably about 0.5 
mm. The wedge graft has a slope 121 of preferably from 
about 3.0** to about 13.0®, more preferably from about 5.0** 
to about 11.0', and most preferably about 5.4° or 10.8** 
depending on the anterior and posterior heights. 

FIG. 37 illustrates a cross-section view of a cervical 
wedge composite bone graft (flattened curved wedge com- 
posite bone graft) for use in cervical fusions. The flattened 
curved wedge composite bone graft includes two or more 
cortical bone portions held together by two cortical bone 
pins 7 to form a pinned graft unit, and the pinned graft unit 
having a hole 83 disposed there through located between 
pins 7 and having a diameter 130 of from about 3.0 mm to 
about 7.0 mm, more preferably from about 4.0 mm to about 
6,0 mm, and most preferably about 4.0 mm to 5.0 mm. The 
distance 127 between bole 83 and second width 129, and 
between pins 7 and arc 137, is preferably 1.0 mm to 3.5 mm, 
more preferably about 1.5 mm to about 3.0 mm and even 
more preferably about 2.0 mm. The distance 128 between 
hole 83 and pins 7 is preferably from 1 .5 mm to 3.5 mm, 
more preferably from 2.0 mm to about 3.0 mm, and most 
preferably is about 2.25 mm to 2.75 mm. The cervical fusion 
graft has a diameter 84 of from about 10.0 mm to about 20.0 
mm, more preferably from about 12.0 mm to about 16.0 mm, 
and most preferably about 12.0 mm to 14.0 mm, a width 85 
of from about 14.0 mm to about 24.0 mm, more preferably 
from about 15.0 mm to about 20.0 mm, and most preferably 
about 15.5 mm to 17.5 mm, and a second width 129 of from 
about 8.0 nmi to about 16.0 mm, more preferably from about 
10.0 mm to about 14.0 nmi, and most preferably about 11.0 
mm to 12.0 mm. Slope 136 is preferably about 15** to about 
30**, more preferably about 20** to about 25**, and most 
preferably about 20**. 

FIG. 38 illustrates a cross-section view of a cervical 
wedge composite bone graft (flattened curved wedge com- 
posite bone graft) for use in cervical fusions. Tbe flattened 
curved wedge composite bone graft includes two or more 
cortical bone portions held together by two cortical bone 
pins 7 to form a pinned graft unit, and the pinned graft unit 
having a hole 83 disposed there through located between 
pins 7 and hole 83 having a height 131 of from about 5.0 mm 
to about 15.0 mm, more preferably from about 6.0 mm to 
about 12.0 mm, and most preferably about 8.0 mm to 10.0 
mm, and having a width 130 of from 3.0 mm to about 7.0 
mm, more preferably from about 4.0 mm to about 6.0 mm, 
and most preferably about 4.0 mm to 5.0 mm. The distance 
127 between hole 83 and second width 129, and between 
pins 7 and arc 137, is preferably 1.0 mm to 35 mm, more 
preferably about 1.5 mm to about 3.0 mm and even more 
preferably about 2.0 mm. Tbe distance 128 between hole 83 
and pins 7 is preferably from 1.5 nmi to 3.5 mm, more 
preferably from 1.0 mm to about 3.0 nam, and most prefer- 
ably is about 2.0 mm. The cervical fusion graft has a 
diameter 84 of from about 10.0 mm to about 20.0 mm, more 
preferably from about 12.0 nun to about 16.0 ami, and most 
preferably about 12.0 nmi to 14.0 mm, a width 85 of from 
about 14.0 mm to about 24.0 mm, more preferably from 
about 15.0 mm to about 20.0 mm, and most preferably about 
15.5 mm to 17.5 mm, and a second width 129 of from about 
8.0 mm to about 16.0 mm, more preferably from about 10.0 
mm to about 14.0 mm, and most preferably about 11.0 nmi 
to 12.0 mm. Sbpe 136 is preferably about 15** to about 30**, 
more preferably about 20** to about 25**, and most preferably 
about 20^ 
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FIG, 39 illustrates a perspective view of a preferred 
composite bone graft including cortical bone portions 132, 
and a cortical bone pins 7. The cortical bone portions 132 are 
pattemed with grooves 133 nmning in direction 135 to 

5 provide an interlocking fit between die bone portions 132, 
FIGS. 40A and 40B illustrate a wedge composite bone 
graft (flattened curved wedge composite bone graft) for use 
in cervical fusions where 14A is a standing side view, and 
14B is a perspective view. The flattened curved wedge 

10 composite bone graft includes first and second cortical bone 
portions 132 held together by two cortical bone pins 7 to 
form a pinned graft unit, and the pirmed graft unit having a 
hole 83 disposed there through located between pins 7. Tbe 
cortical bone portions 132 are pattemed with grooves 133 

IS running in direction 135 to provide an interlocking fit 
between the bone portions 132. 

FIG. 41 illustrates a perspective view of a preferred 
composite bone graft including cortical bone portions 132 
and 134, and a cortical bone pins 7. The cortical bone 

20 portions 132 and 134 are pattemed with grooves 133 mn- 
ning in direction 135 to provide an interlocking fit between 
the bone portions 132. 

FIGS. 42A, 42B, and 42C illustrate side views of a 
preferred composite bone graft including two pattemed 

25 cortical bone portions 132 having a pattern 133, 138, and 
139, re^ectively, where the bone portions arc interlocked 
with each other. FIG. 42C illustrates a self-locking, inter- 
locking pattern 139. 

FIG. 43 illustrates a cross^section view of a cervical 

30 wedge composite bone graft (flattened curved wedge com- 
posite bone graft) for use in cervical fusions. Tbe flattened 
curved wedge composite bone graft includes two or more 
cortical bone portions held together by two cortical bone 
pins 7 having a diameter of firom 1.0 mm to about 4.0 mm, 

35 preferably from about 2.0 mm to about 3.0 mm and more 
preferably about 2.5 mm, to fomi a pinned graft imit, and the 
piiuied graft unit havii^ a hole 83 disposed there through 
located between pins 7, and hole 83 having a width 130 of 
from 3.0 mm to about 7.0 mm, more preferably from about 

40 4.0 mm to about 6.0 mm, and most preferably about 4.0 mm 
to 5.0 mm. Tbe distance 127 between hole 83 and second 
width 129, and between pins 7 and arc 137, is preferably 1.0 
mm to 3.5 mm, more preferably about 1,5 mm to about 3.0 
nmi and even more preferably about 2.0 mm. The distance 

45 128 between hole 83 and pins 7 is preferably from 1.5 mm 
to 3.5 mm, more preferably from 1.0 mm to about 3.0 mm, 
and most preferably is about 2.0 mm. Tbe cervical fusion 
graft has a diameter 84 of from about 10.0 mm to about 20.0 
mm, more preferably from about 12.0 mm to about 16.0 mm, 

50 and most preferably about 11.0 nun to 13.0 mm, a width 85 
of from about 10.0 mm to about 24.0 mm, more preferably 
firom about 12.0 mm to about 20.0 nun, and most preferably 
about 135 mm to 15.5 mm, and a second width 129 of from 
about 4.0 mm to about 12.0 mm, more preferably from about 

55 6.0 mm to about 10.0 aim, and most preferably about 7.0 
mm to about 8.0 mm. Slope 136 is preferably about 25**. 

FIG. 44 illustrates a cross-section view of a cervical 
wedge composite bone graft (flattened curved wedge com- 
posite bone graft) for use in cervical fusions. The flattened 

60 curved wedge composite bone graft includes two or more 
cortical bone portions held together by two cortical bone 
pins 7 having a diameter of from 1.0 mm to about 4.0 mm, 
preferably from about 2.0 mm to about 3.0 mm and more 
preferably about 2,5 mm, to form a pinned graft imit, and the 

65 pinned graft unit having a hole 83 disposed there through 
located between pins 7, and hole 83 having a diameter 130 
of from 3.0 mm to about 9.0 mm, more preferably from 
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about 4.0 mm to about 8.0 mm^ and most preferably about depending upon, for example, the particular application and 

6.0 mm to 7.0 mm, and a width 141 of from about 5.0 mm implantation site, and the size and shape of the composite 

to about 13.0 mm, preferably from about 7.0 mm to about graft. The composite graft can be pinned with one or more 

I. 0 mm, more preferably from about 8.5 mm to about 9.5 biocompatible pins, entirely or partially traversing a dimen- 
mm, and most preferably about 9.0 mm. Hole 83 has a 5 sion of the graft, for example, the height, length, and/or 
second width 140 of from about 2.0 mm to about 6.0 mm, width of the composite graft One of ordinary skill in the art 
preferably from about 3.0 mm to about 5.0 mm, and more to v^^ich the present invention pertains can readily select an 
preferably form about 3.5 mm to about 4.5 mm. The distance appropriate pin, number of pins, and determine the orienta- 
127 between hole 83 and second width 129, and l>etween tion of the pin or pins, based on for example, the particular 
pins 7 and arc 137, is preferably 1.0 mm to 3^ mm, more lO graft, whether the graft is interlocking or not, the orientation 
preferably about 1.5 mm to about 3.0 mm and even more of the graft in the body, and the clinical indication, without 
preferably about 2.0 mm. The cervical fusion graft has a undue experimentation. 

diameter 84 of from about 10.0 mm to about 20.0 mm, more Suitable chemical connectors include any biocompatible 

preferably from about 12.0 mm to about 16.0 mm, and most adhesive. Such adhesives are well known to those of ordi- 

prcfcrably about 13.0 mm to 15.0 mm, a width 85 of from is nary skiU in the art to which the present invention pertains, 

about 10.0 mm to about 24.0 mm, more preferably from and can be readily selected and employed by those of 

about 12.0 mm to about 20.0 mm, and most preferably about ordinary skill in the art, without undue experimentation. 

16.5 mm to 18.5 mm, and a second width 129 of from about Suitable chemical connectors also include known methods 

6.0 mm to about 14.0 mm, more preferably from about 8.0 of biochemical surface modification. Such methods are well 

mm to about 12.0 mm, and most preferably about 9.0 mm to 20 known to those of ordinary skill in the art to which the 

II. 0 mm. Slope 136 is preferably about 25**. present invention pertains, and can be readily selected and 
The present composite bone graft can include two or more employed by those of ordinary skill in the art, without undue 

bone portions, including any combination of cancellous and experimentation. 

cortical bone portions, or cancellous or cortical bone por- The chemical and/or mechanical connectors may be used 

tions alone, where the bone portions may optionally be 25 alone or in any combination and may include one or more 

demineralized, and may optionally be discontinuous, where therapeutically benefidal substances including for example, 

the bone portions are coimccted, for example by interbcking one or more osteoinductive substances, one or more o^o- 

the bone portions, and/or by one or more mechanical and/or conductive substances and one or more pharmaoeutically 

chemical connectors. Any cancellous bone portion and/or active agents. 

discontinuous bone portion (cortical and/or cancellous), 30 The thrDugh-hole(s) of the composite bone graft may also 

and/or any demineralized bone portion (cortical and/or include surface modification as described above for the 

cancellous) may optionally include one or more pfaarmaceu- present mechanical connectors configured to accomadate a 

tically active agents or therapeutically beneficial substances particular mechanical connector. For example, if a threaded 

provided therein, for example provided in the matrix of cortical bone pin is used, the through-hole or holes can 

cancellous borK, or provided in any artificially created void 35 optionally be threaded. The through-hole(s) can traverse any 

areas. Both the cortical and cancellous bone portions may be dimension of the graft, provided that they are placed sudi 

solid and continuous or may be discontinuous (i.e. include that v^^en graft unit is connected the graft is held together, 

one or more "holes" or '*pcrforations" of any shape disposed One of ordinary skill in the art to which the present invention 

at regular or random intervals throughout the bone portion. pertains can readily select an optimum location for the 

Bone portions may be provided with a pattern to enable an 40 through-holes based on criteria including the following: the 

interbcking fit between cortical bone portions. anterior and posterior height of the composite bone graft. 

Suitable mechanical connectors include pin-type struc- and the diameter of the mechanical and/or mechaiucal and 

mres having any cross-section shape, such shapes including chemical cormectors^ and the height of the protrusions. For 

for example, round, square, triangular, rectai^lar, hexagon, example, when the anterior height is relatively small (i.e. 7.0 

pentagon, oval, and irregular. The pin-type structure can 45 mm) and the diameter of the pin is relatively large 

include surface modification, for example the surface can be (Lc .2.5-3.0 mm), the through-holes can be spaced equidis- 

roughened, or provided with a plurality of horizontally or tant along the length of the graft unit, or displaced toward the 

vertically disposed grooves (horizontal or vertically relative posterior end of the graft unit. 

to the length of the pin); horizontaUy or vertically disposed The graft unit can be cormected with one or more 
ridges; or helical threads. The pin or surface-modified pin 50 mechanical connectors. Suitable cormection include any 
can also include one or more slots exteiKling partially or connection which is adequate to hold the bone portions of 
entirely through the diameter of the pin, aiKi extending the graft unit together. Such connections include, for 
partially or entirely through the length of the pin, suitable example, an interference or friction connection where the 
slots include for example, a slot extending partially through diameter of the pin is the same as or slighUy larger than 
the diameter of the pin, for example about half-way through 55 (preferably no more than 1.5 mm larger than the diameter of 
the diameter of the pin, and through the entire length of the the through-bole) the diameter of the corresponding 
pin; and a slot extending entirely through the diameter of the through-hole; a slidable connection where the diameter of 
pin, and extending through a partial length of the pin for the pin is the slightly less than the diameter of the through- 
example, extending at least half-way through the length of hole, and a compression fit, where the pin is configured to 
the pin, preferably extending no more than about seven- 60 aUow compression upon ii^ertion where the pin expands 
eighths the length of the pin. Suitable mechaiucal connectors after insertion, achieved for example, by providing the pin 
also include cotter pins. A composite graft can be pinned with a slot. 

with one or more biocompatible pins, where the pins have The mechanical conneaor of the invention, including 

substantially the same diameter or have a diameter different pin-like connectors can be composed of any biocompatible 

from each other. Suitable diameters can be readily selected 65 material sufficient to bold together the present graft unit, 

and employed by one of ordinary skill in the ait to whidi the Suitable biocompatible materials include for example, oor- 

present invention pertains without undue experimentation tical bone; stainless steel; titanium; cobalt-chromium- 
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molybdenum alloy; and a plastic for example, of one or 
more of the following: nylon, polycarbonate, polypropylene, 
polyacetal, polyethylene, and polysulfone, where the plastic 
can optionally include fibers; and a polymer including one or 
more bioabsorbable polymers including resorbable calcium 
phosphates; bioceramics and/or glasses including for 
example bioactivc glasses and glass-ceramics; and calcium 
phosphate ceramics. Such mechanical connectors including 
for example, bioabsorbable polymers may optionally 
include one or more active agents, including for example 
one or more pharmaceutically active agents and/or one or 
more therapeutically beneficial agents, provided on the 
surface or impregnated in the matrix of the material. 

The surface of the mechanical connector can be modified 
by methods well known to those of ordinary skiU in the art 
to which the invention pertains, and include for example the 
following: (a) modification to influence cell adhesion and 
growth, provided by: (I) oxidized polystyrene surface, (ii) 
ammonia plasma-treated surface, and (iii) plasma-deposited 
acetone or methanol film; (b) modification to control protein 
adsorption; and (c) modification to improve lubricity. 

The composite bone graft preferably has a shape includ- 
ing for example, a square, rectangular or curved blodc; a 
flattened curved wedge (ie. a cervical wedge for use in 
cervical fusion); a wedge; a trapezoid wedge; a polyhedron 
block, a parallel6p4)6d; a cylinder or dowel having a uni- 
form diameter or a decreasing or increasing diameter, for 
example a tapered cylinder or tapered dowel; a dowel or 
tapered dowel having a cross-section of a shape including 
for example, round, oval, square, rectangular, triangular, 
pentagon, or hexagon. 

The composite bone graft can include one or more par- 
tially or completely textured surfaces. Preferably, a textured 
composite bone includes opposing textured surfaces 
disposed perpendicular to the iiiterface(s) of the bone por- 
tions. The textured surface of the composite bone graft 
includes a plurality of protrusions. Hie protrusions can be 
formed over an entire surface of the composite bone graft or 
over a portion of a surface, for example over the entire cut 
surfaces, or over a portion of the cut stufaces. The plurality 
of protrusions can be formed on the surface in any number 
of ways weU known to those of ordinary skill in the art to 
which the present invention pertains, including for example 
mechanical and/or chemical methods, including for 
example, by forming a series of parallel linear or curved 
grooves. The bone allograft protrusions can be formed by 
milling, for example by milling a set of parallel hnear groves 
to form a saw-tooth configuration on the cut surface of the 
composite graft to form continuous linear protrusions; by 
milling a first set of parallel linear groves followed by 
turning the graft and forming a second set of parallel grooves 
at an angle to the first series, for example, at a 90* angle to 
form a plurality of discrete pyrimidal protrusions. Milling is 
preferably achieved, by for example: nmning the graft over 
a milling tool which includes a plurality of closely spaced 
blades which can be adjusted to achieve a desired height and 
width; to form the discrete pyrimidal protrusions, the graft 
can then be turned at, for example, a 90* angle and again run 
over the milling tool to produce the discrete protrusions 
illustrated. Milling can also be achieved using for example 
a routing or dremel tool, a laser, and masking and add 
etching. 

Other protrusions, for example concentric rings or other 
curved or irregular, or regular protrusions can be provided 
by attaching a drill bit having a blade corresponding to the 
protrusion pattern desired where the blade is appropriately 
sized to provide a desired protrusion width, length, and 
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height, to a drill and drilling the desired surface of the bone 
to achieve the desired textured surface. One of ordinary skill 
in the art can readily design and produce, or select, and 
employ an appropriate milhng tool to achieve a desired 
textured surface on a bone allograft, without undue experi- 
mentation. 

Preferably, the protrusions (discrete, continuous, or a 
combination thereof) present on one or more surfaces of the 
present allograft are closely spaced, preferably from about 
I 0.0 to 3.0 mm apart, preferably 0,1 to 2.0 mm apart, more 
preferably about 0.2 to 1.5 mm apart, and most preferably 
about 0.5 mm apart, (that is, there is preferably a distance of 
from 0.0 to 3.0 mm between the edges of two adjacent 
protrusions). The protrusions preferably have a height of 
from 0.1 to 5.00 mm, preferably 0.3 to 3.0 mm, more 
preferably 0.5 to 1 .5 mm, and even more preferably 0.75 rtun 
to 1.3 nmi, and most preferably about 1.2 mm. 

The composite bone graft may include one or more void 
areas. Examples of such grafts include a composite graft 
having for example a first and a second cortical bone portion 
where the bone portions are for example slidably connected 
with for example one or more bone pins, where the first and 
second bone portion are disposed apart thereby creating a 
centrally located void. The void may optionally include any 
pharmaceutically active agent and/or therapeutically benefi- 
cial agent, including for example, osteoinductive substances 
including for example, bone morphogenic protein, 
hydroxyapitate, demineralized bone and bone products 
including for example GRAFTON and DYNEGRAFT. and 
auto graft bone; such sub^ances may be in any form 
including for example, in the form of a paste, gel, or sponge. 
IV. Use of the Composite Bone grafts 

The present composite bone grafts are useful in spinal 
applications induding restoration of column support and are 
preferably used from the posterior approach. Composite 
grafts suitable for posterior lumbar interlxxly fusions include 
for example the following desmbed in detail below: (a) 
composite bone grafts having a trapezoid wedge sh^e and 
optionally having opposing textured surfaces disposed per- 
pendicular to the interfaces of the bone portions, (b) com- 
posite boi^ grafts having a parallel block ^ape and option- 
ally having opposing textured surfaces disposed 
perpendicular to the interfaces of the bone portions, (c) 
composite bone grafts having a large square block shape and 
optionally having opposing textured surfaces disposed per- 
pendicular to the interfaces of the bone portions, (d) com- 
posite bone graft blocks having a flattened curved wedge 
shape and optionally having opposing textured surfaces 
disposed perpendicular to the interfaces of the bone portions 
for use in for example, cervical fusion, (which can be used 
from an anterior or posterior approach) and (e) composite 
bone grafts having an ovoid wedge shape for performing 
anterior fusiois (which can be used from an anterior or 
posterior approach). 

The term "about** used below and throughout this discb- 
sure in reference to ^dfic dimensions means that the 
tolerance limits for overall or outer dimensions of the 
composite bone graft is plus or minus (+/-) 1.0 mm, and the 
tolerance limits for the width of individual cortical bone 
portions is plus or mintis (+/-) 0.5 mm. 

The composite bone grafts having a tr^ezoid wedge 
shape, the shape as shown in FIG. 1, and optionally having 
opposing textured surfaces disposed perpendicular to the 
interfaces of the bone portions, preferably include two or 
more bone portions where the bone portions can be cortical 
or cancellous bone portions or a combination thereof, each 
bone portion having a width of from about 1.5 mm to about 
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10.0 mm, preferably from about 2.0 mm to about 7.0 mm, 
more preferably from about 2.0 mm to about 5.0 mm, and 
most preferably having a width of about 2.0 mm to about 4.0 
mm, to give a composite width of from about 8.0 nam to 
about 15.0 mm, preferably from about 9.0 mm to about 5 
13.00 mm, and more preferably about 11.0 mm. 

The trapezoid wedge composite bone graft has a front 
(anterior) height which is smaller than its back (posterior) 
height, the anterior height being from about 5.0 mm to about 
15.0 mm, preferably from about 6.0 mm to about 13.0 mm, lo 
more preferably from about 7.0 mm to about 12.0 mm, and 
most preferably about 8.0 mm, 9.0 mm, 10.0 mm, 12.0 mm, 
or 14.0 mm; the posterior height being from about 7.0 nun 
to about 20.0 mm, preferably from about 8.0 mm to about 
17.0 mm, more preferably from about 9.0 mm to about 15,0 IS 
mm, and most preferably the posterior height is about 7.0 
mm, 10.0 mm, 11.0 mm, 12.0 mm, or 14.0 mm; and the 
trapezoid wedge composite bone graft has a length of from 
about 15.0 mm to about 35.0 mm, preferably from about 
17.0 mm to about 30.0 mm, more preferably from about 20.0 20 
mm to about 27.0 mm, and most preferably a length of about 
21.0 mm, or 23.0 mm. 

The bone portions may be interlocking and/or connected 
with one or more mechanical and/or chemical biocompatible 
connectors. The preferred connectors include mechanical 25 
connectors including for example, one or more cortical bone 
pins having a round cross-section and having a diameter of 
from about 1.0 mm to about 6.0 mm, preferably from about 
2.0 mm to about 5.0 nun, more preferably from about 2.0 
mm to about 4.5 mm, and most preferably a pin diameter of 30 
from about 2.0 mm to about 4.0 mm, where the diameter of 
each pin in a single graft may be the same or different. The 
diameter of the two corresponding through-holes is prefer- 
ably sufficient to provide an interference or frictional or 
sUdable connecdon between the bone portions and the pin, 35 
preferably a interference or frictional connection. Tlie fore- 
going described trapezoid wedge composite optionally 
includes a cancellous bone portion disposed between the two 
cortical bone portions and having the same width or a greater 
width than the cortical bone portions. The trapezoid wedge 40 
composite graft can optionally include diametrically 
opposed chamfered edges. 

Most preferable trapezoid wedge composite bone grafts 
include the following confrgurations: 

(a) a first cortical portion having a width of from about 3.0 45 
mm to about 4.0 mm, preferably about 4.0 mm; a second 
cortical bone portion having a width of from about 3.0 mm 

to about 4.0 mm, preferably about 4.0 mm; a central 
cancellous bone pCHtion having a width of from about 3.0 
mm to about 5.0 mm, preferably about 3.0 mm di^osed 50 
there between, forming a graft unit, the graft unit held 
together by two round cortical bone pins having a diameter 
of from about 2.0 mm to about 4.0 mm, the compo^te graft 
having an overall length of about 21.0 mm, an anterior 
height of about 9.0 mm, and a posterior height of about 11.0 55 
mm; or an anterior height of about 8.0 mm and a posterior 
height of about 10.0 mm, or an anterior height of about 10.0 
mm and a posterior height of about 12.0 mm, or an anterior 
height of about 12.0 mm and a posterior height of about 14.0 
mm. 60 

(b) a first cortical portion having a width of about 4.0 mm; 
a second cortical bone portion having a width of about 4.0 
mm; a central cancellous bone portion having a width of 
about 3.0 nmi disposed there between forming a graft unit, 
the graft unit held together by two round cortical bone pins 65 
having a diameter of about 3.0 mm, the composite graft 
having an overall length of about 21.0 mm, an anterior 
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height of about 9.0 mm, and a posterior height of about 11.0 
mm, or an anterior height of about 8.0 mm and a posterior 
height of about 10.0 nun, or an anterior height of about 10.0 
mm and a posterior height of about 12.0 mm, or an anterior 
height of about 12.0 mm and a posterior height of about 14.0 
mm; and where the length of the graft measured from the 
posterior end to the center of the first pin is about 5.5 mm, 
the length of the graft measured from the center point of a 
first pin to a center point of a second pin is about 8.0 mm 
and, the length of the graft measured from a center point of 
a second pin to the anterior end of the graft is about 7.5 mm, 
and optionally having opposing textured surfaces where the 
protrusions are in a saw-tooth pattern, and have a height of 
about 1.2 mm and have an angle of about 60° between 
protrusions; 

(c) a first cortical portion having a width of about 3.0 mm; 
a second cortical bone portion having a width of about 3.0 
nun; a central cancellous bone portion having a width of 
about 3.0 nam disposed there between forming a graft unit, 
the graft unit held together by two round cortical bone pins 
having a diameter of about 4.0 mm, the composite graft 
having an overall length of about 21.0 mm, an anterior 
height of about 7.0 mm, and a posterior height of about 9.0 
mm, or an anterior height of about 8.0 mm and a posterior 
height of about 10.0 mm, or an anterior height of about 10.0 
mm and a posterior height of about 12.0 mm, or an anterior 
height of about 12.0 mm and a posterior height of about 14.0 
mm; and where the length of the graft measured from the 
posterior end to the center of the first pin is about 6.0 nun, 
the length of the graft measured from the center point of a 
first pin to a center point of a second pin is about 9.0 nun 
and, the length of the graft measured from a center point of 
a second pin to the anterior end of the graft is about 6.0 mm, 
and optionally having opposing textured surfaces where the 
protrusions are in a saw-tooth pattern, and have a height of 
about 1.2 mm and have an angle of about 60° between 
protrusioiss; 

(d) a first cortical portion having a width of about 3.0 mm, 
a second cortical bone portion having a width of about 3.0 
mm, a central canceUous bone portion having a width of 
about 5.0 nun di^sed there between, forming a graft unit, 
the graft unit held together by two roimd cortical bone pins 
having a diameter of about 2.0 mm to about 4.0 mm, the 
composite graft having an overall length of about 21.0 mm, 
an anterior height of about 9.0 mm, and a posterior height of 
about 11.0 mm; 

(e) a first cortical portion having a width of about 3.0 mm, 
a second cortical bone portion having a width of about 3.0 
nun, a central canceUous bone portion having a width of 
about 7.0 mm disposed there between, forming a graft unit, 
the graft imit held tc^ether by two round cortical bone pins 
having a diameter of about 2.0 mm to about 4.0 mm, the 
composite graft having an overall length of about 21.0 nun, 
an anterior height of about 11.0 mm, and a posterior height 
of about 13.0 mm; 

(f) a first cortical portion having a width of about 3.0 nun, 
a second cortical bone portion having a width of about 3.0 
mm, a central cancelbus bone portion having a width of 
about 3.0 mm disposed there between, forming a graft unit, 
the graft unit held together by two round cortical bone pins 
having a diameter of about 2.0 to about 4.0 mm, the 
composite graft having an overall length of about 21.0 mm, 
an anterior height of about 7.0 mm, and a posterior height of 
about 9.0 mm; 

(g) a first cortical portion having a width of about 4.0 mm, 
a second cortical bone portion having a width of about 4.0 
mm forming a graft tmit, the graft unit held together by two 
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round cortical bone pins having a diameter of about 3.0 mm, a distance firom the center point of the second pin to the 

the composite graft having an overall length of about 25.0 posterior end of the graft of 13.5 mm, and a distance from 

mm, an anterior height of about 12.0 mm, and a posterior the center point of the first pin to the posterior end of the 

height of about 15.0 mm; graft 5.5 mm; (6) a posterior height of 14.0 mm an anterior 

(h) a first, second, third and fourth cortical bone portion 5 height of 9.8 mm, a length of 23.0 mm, and a composite 
each having a width of from about 2.0 mm to about 3.0 mm, width of 7.0 mm, two cortical bone pins each having a 
preferably about 2.0 mm, a first cancellous-bone portion diameter of 3.0 mm, and a slope of 10.8®, having diametri- 
having a width of firom about 2.0 mm to about 3,0 mm, cally opposed chamfered edges at 45** and 0.5 mm in depth, 
preferably about 3.0 mm, where the first cortical bone a distance from the center point of the second pin to the 
portion is disposed on the second cortical bone portion, the lO posterior end of the graft of 13.5 mm, and a distance from 
first cancellous bone portion is disposed between the second the center point of the first pin to the posterior end of the 
and third cortical bone portions, and the fourth cortical bone graft 5.5 mm; (7) a posterior height of 13.0 mm an anterior 
portion is disposed on the third cortical bone portion, height of 9.0 mm, a length of 23.0 mm, and a composite 
forming a graft unit, the graft unit held together by two width of 7.0 mm, two cortical bone pins each having a 
round cortical bone pins having a diameter of about 2.0 mm is diameter of 3.0 mm, and a slope of 10.8®, having diametri- 
to about 4.0 mm, the composite graft having an overall cally opposed chamfered edges at 45° and 0.5 mm in depth, 
lengthofabout21.0mm, an anterior height of about 9.0 mm, a distance from the center point of the second pin to the 
a posterior height of about 11.0 mm, and a composite width posterior end of the graft of 13.5 mm, and a distance from 
of about 11.0 mm; the center point of the first pin to the posterior end of the 

(i) a combination of at least two cortical bone portions 20 graft of 55 mm; (8) a posterior height of 13.0 mm an 
optionally having a cancellous bone portion disposed anterior height of 11.0 mm, a length of 23.0 mm, and a 
therebetween, and having: (1) a posterior height of 9.0 mm composite width of 7.0 mm, two cortical bone pins each 
an anterior height of 7.0 mm, a length of 21.0 mm, and a having a diameter of 3.0 mm, and a slope of 5.4'^, having 
composite width of 12.0 mm; (2) a posterior height of 9.0 diametrically opposed chamfered edges at 45* and 0.5 mm 
mm an anterior height of 7.0 mm, a length of 25.0 nun, and 25 in depth, a distance horn the center point of the second pin 
a composite width of 12.0 mm; (3) a posterior height of 11.0 to the posterior end of the graft of 13.5 mm, and a distance 
mm, an anterior height of 9.0 mm, a length of 23.0 nmi, and from the center point of the first pin to the posterior end of 
acompositewidthof 12.0 mm; (4) a posterior height of 11.0 the graft 5.5 mm; (9) a posterior height of 11.0 mm an 
mm, ananteriorheightof 9.0 mm, a length of 25.0 mm, and anterior height of 9.0 mm, a length of 23.0 mm, and a 
acompositewidthof 12.0 mm; (5) a posterior height of 13.0 30 composite width of 7.0 mm, two cortical bone pins each 
mm, an anterior height of 11.0 mm, a length of 25.0 mm, and having a diameter of 3.0 ami, and a slope of 5.4**, having 
a composite width of 12.0 mm; and (6) a posterior height of diametrically opposed chamfered edges at 45* and OS mm 
15.0 mm, an anterior height of 13.0 mm, a length of 25.0 in depth, a distance from the center point of the second pin 
mm, and a composite width of 12.0 mm; and to the posterior end of the graft of 13.5 mm, and a distance 

(j) a combination of two or more cortical bone portions 35 from the center point of the first pin to the posterior end of 

optionally each having a patterned surface such that an the graft of 5.5 mm; (10) a posterior height of 7.0 mm an 

interlocking fit between the bone portions is provided, and anterior height of 5.0 mm, a length of 21.0 mm, two cortical 

having: (1) a posterior height of 14.0 mm an anterior height bone pins, and optionally having diametrically opposed 

of 10.0 mm, a length of 21.0 mm, and a composite width of chamfered edges; (11) a posterior height of 7.0 mm an 

7.0 mm, two cortical bone pins each having a diameter of 3.0 40 anterior height of 5.0 nun, a length of 23.0 mm, two cortical 

mm, and a slope of 10.8*, and having diametrically opposed bone pins and optionally having diametrically opposed 

chamfered edges at 45* and 0.5 mm in depth, a distance firom chamfered edgps; and (12) a posterior height of 7.0 mm an 

the center of the first pin to the center point of the second pin anterior height of 5 .0 nun, a length of 25 .0 mm, two cortical 

of 8.0 mm, and a distance firom the anterior end of the graft bone pins, and optionally having diametrically opposed 

to the center point of the first pin of 7.5 mm; (2) a posterior 45 chamfered edges. 

height of 12.0 mm an anterior height of 10.0 mm, a length The compo^tc bone grafts having a parallel block shape 

of 21.0 mm, and a composite width of 7.0 mm, two cortical and optionally having opposing textured surfaces disposed 

bone pins each having a diameter of 3.0 mm, and a slope of perpendicular to the interfaces of the bone portions, and 

5.45 *, having diametrically opposed chamfered edges at 45® optionally having diametrically opposed chamfered edges, 

and 05 mm in depth, a distance firom the center of the first 50 preferably include: a combination of two or more bone 

pin to the second of the second pin of 8.0 nma, and a distance portions, preferably cortical bone portions, optionally each 

from the anterior end of the graft to the center point of the having a patterned surface sudi that an interlockii^ fit 

first pin of 7.5 mm; (3) a posterior height of 14.0 mm an between adjacent bone portions is provided; and: (a) at least 

anterior height of 12.0 mm, a length of 21.0 mm, and a twocorticalboneportionseachhavingawidthof from about 

composite width of 7.0 mm, two cortical bone pins each S5 15 mm to about 10.0 mm, preferably from about 2.0 mm to 

having a diameter of 3.0 nun, and a slope of 5.45*, having about 7.0 mm, more preferably from about 3.0 mm to about 

diametrically opposed chamfered edges at 45* and 0.5 mm 5.0 mm, and most preferably having a width of about 4.0 

in depth, a distance from the center of the first pin to the mm to give a composite width of about 15.0 mm; the parallel 

second of the second pin of 8.0 mm, and a distance firom the block composite bone graft has a height from about 5.0 mm 

anterior end of the graft to the center point of the first pin of 60 to about 20.0 mm, preferably from about 7.0 mm to about 

7.5 nmi; (4) a posterior height of 11.0 mm, an anterior height 19.0 nun, more preferably from about 8.0 mm to about 17.0 

of 9.0 mm, a length of 25.0 mm, and a composite width of mm, and most preferably from about 9.0 mm to about 16.0 

12.0 mm; (5) a posterior height of 12.0 mm an anterior mm; and the parallel block composite bone graft has a length 

height of 9.8 mm, a length of 23.0 mm, and a composite of from about 15.0 mm to about 35.0 mm, preferably from 

width of 7.0 mm, two cortical bone pins each having a 65 about 17.0 mm to about 30.0 mm, more preferably from 

diameter of 3.0 mm, and a slope of 5.5*, having diametri- about 20.0 mm to about 27.0 mm, and most preferably a 

cally opposed chamfered edges at 45* and 0.5 mm in depth, length of from about 21.0 mm to about 25.0 mm. The 
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preferred mechanical connectors include one or more, pref- (c) a first cortical bone portion having a width of about 3.0 

erably two cortical bone pins having a round cross-section mm, a second cortical bone portion having a width of about 

and having a diameter of from about 1,0 mm to about 6.0 3.0 mm, a central cancellous bone portion having a width of 

mm, preferably from about 2.0 mm to about 5.0 mm, more about 3.0 mm disposed there between, forming a graft unit, 

preferably from about 2.5 mm to about 4.5 mm, and most 5 the graft unit held together by two round cortical bone pins 

preferably a pin diameter of from about 3.0 mm to about 4.0 having a diameter of about 2.0 mm to about 4.0 mm, where 

mm, where the diameter of each cortical bone pin may be the the diameter of each bone pin is the same or different, the 

same of different. TTie diameter of the two corresponding composite graft having a height of about 10.0 mm and a 

through-holes is preferably sufficient to provide an mterfer- j^^^j^ ^^^^^ ^5,0 mm, the parallel block composite bone 

enoe or fnaional or shdable connection ^ ^^j^^^ ^^^^ 

portions and the pin, preferably a interference or fnctional 1 . *i. - c u *• 

connection and perpendicular to the mterfaces of the bone portions; 

(b) tvio ^r more cortical bone portions layered to form a ^ ^ P«^^«° f^^^fg ^ of about 3.0 mm 

graft unit, and optionally one or more cancellous bone ^ second cortical bone portion having a width of about 3.0 

portions disposed between said cortical bone portions, the ™' ^ ^^^^ cancellous bone portion having a width of 

graft unit being connected by one or more mechanical about 3.0 mm disposed there between, forming a graft unit, 

connectors, preferably two cortical bone pins having a the graft unit held together by two round cortical bone pins 

diameter of from about 1.0 mm to about 6.0 mm, preferably having a diameter of about 2.0 mm to about 4.0 mm, where 

from about 2.0 mm to about 5.0 mm, more preferably from the diameter is the same or different, the composite graft 

about 25 mm to about 4.5 mm, and most preferably a pin having a height of about 9.0 mm and a length of about 21.0 

diameter of from about 3.0 mm to about 4.0 mm, where the 20 mm, 

diameter of each pin may be the same or different, and (e)afirstcorticalportionhavinga width of about 3.0 mm, 

having a composite width of from 4.5 mm to about 30.0 mm, a second cortical bone portion having a width of about 3.0 

preferably from about 6.0 mm to about 21.0 mm, more mm, a central cancellous bone portion having a width of 

preferably from about 9.0 mm to about 15.0 mm, and most about 5.0 mm disposed there between, forming a graft unit, 

preferably having a width of about 4.0 mm to give a 25 the graft unit held together by two round cortical bone pins 

composite width of about 12.0 mm to about 15.0 mm, a jjaving a diameter of about 2.0 mm to about 4.0 mm, Where 

postenor and anterior height of from about 5.0 m to about ^^^^^^ pin is the same or different, the 

20 0 mm, preferably from about 9.0 nmi to about 17.0 mm, composite graft having a height of about 11.0 mm and a 

and a length of from about 20.0 mm to about 30.0 mm, , r u * n n 

-n r J *• • i, j *i. r ii ri length of about 21.0 mm, and 

spednc preferred connourations mclude the following: fol- ik ^ ^ i u • j^t. r l *-»^ 

. ^ n /i\ . . J * • u • u* f 30 (f) a first cortical portion havmg a width of about 3.0 mm, 

lowmg configurations: (1) an antenor and postenor height of , . ^ . . .«_!.._ 

about 9.0 mm, and a lengOi of about 25.0 mm; (2) an anterior ^ ^"'"^^ ^ P«^/°° * "T^^ 

and posterior height of about 9.0 mm, and a length of about * canceUous bone portion havmg a width of 

21.0 mm; (3) an anterior and posterior height of about 11.0 '^•^ disposed there between, forming a graft unit, 

mm, and a length of about 25.0 mm; (4) an anterior and tt^ether by two round cortical bone pins 

po^erior height of about 11.0 mm, and a length of about ^5 having a diameter of about 2.0 mm to about 4.0 mm, where 

21.0 mm; (5) an anterior and posterior height of about 13.0 the diameter of each bone pin is the same or different, the 

mm, and a length of about 25.0 mm; (6) an anterior and composite graft having a height of about 13.0 mm and a 

posterior height of about 11.0 mm, and a length of about length of about 21.0 mm. 

23.0 mm; (7) an anteri or and posterior height of about 13.0 Most preferable cortical block composite bone grafts 

mm, and a length of about 23.0 mm; (8) an anterior and 40 include the following configurations: (a) a plurality of 

posterior height of about 15.0 mm, and a length of about cortical bone portions each having a width of from about 3.0 

25.0 mm; and (9) an anterior and posterior height of at>out mm to about 4.0 mm, preferably about 3.0 mm and the 

17.0 mm, and a length of about 25.0 nun. The foregoing plurality of cortical t>ODe portions having a composite width 

described parallel block composite bone graft optionally of from about 18.0 to about 22.0 mm, preferably a composite 

includes a cancellous bone portion disposed between the two 45 width of about 20.0 mm, the cortical block composite has a 

cortical bone portions and having the same width or a greater height of from about 18.0 to about 22.0 mm, preferably of 

width than the cortical bone portions. about 20.0 mm and a length of from about 18.0 to atxmt 22.0 

Most preferable parallel block composite bone grafts nun, preferably of about 20.0 mm or 21.0 mm, with the graft 

include the following configurations: (a) two or more cor- unit held together by two round cortical tjone pins having a 

tical bone portions having a composite width of about 15.0 50 diameter of about 2.0 mm to about 4.0 mm, where the 

nun, held together by two round cortical bone pins having a diameter of eadi pin is the same or different, and (b) the 

diameter of about 2.0 mm to about 4.0 mm, where each pin cortical block composite bone graft of (a) where one or more 

has the same or a different diameter, the composite graft of the central cortical bone portions are replaced with one or 

having a height of about 16.0 mm and a length of about 25.0 more cancellous bone portions having an overall width of 

mm, 55 from about 3.0 to about 15.0 mm, preferably about 14.0 mm. 

(b) a first cortical portion having a width of about 3.0 mm. Most preferable cervical wcdgp grafts (flattened curved 

a second cortical bone portion having a width of about 3.0 wedge composite bone grafts) for cervical fusion, include 

mm, one or more central cancellous bone portions having a the following configurations: a combination of two or more 

composite width of about 9.0 mm disposed there between, cortical bone portions optionally each having a patterned 

forming a graft unit, the graft unit held together by two 60 surface such that an interlocking fit between the bone 

round cortical bone pins having a diameter of about 2.0 mm portions is provided, and: (a) a first cendcal (flattened 

to about 4.0 mm, where the diameter of each pin is the same curved) cortical portion having a width of from about 2.0 

or different, the composite graft having a height of about mm to about 8.0 mm; a second cervical cortical bone portion 

16.0 mm and an overall length of about 25.0 mm, the parallel having a width of from about 2.0 mm to about 8.0 mm; 

block composite bone graft also includes opposing textured 65 where the first portion is disposed on the second portion 

surfaces disposed perpendicular to the interfaces of the bone forming a graft unit, the graft unit is held together by at least 

portions; two cortical bone pins having a diameter of from about 2.0 
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mm to about 4.0 mm, preferably 2.0 mm to about 3,0 mm; 
where the diameter of each pin is the same or different, the 
composite graft having a width of about 10.0 to about 20.0 
mm, preferably about 16.0 mm, a diameter of about 10.0 mm 
to about 18.0 mm, preferably about 13.0 mm, and a centrally 
located bole, preferably from about 2.0 to about 8.0 mm in 
diameter, more preferably from about 3.0 to about 5,0 mm 
in diameter, disposed through the pinned graft unit, between 
at least two pins. Each of the top and bottom surfaces of the 
cervical fusion graft, from a side view, may be sloped at an 
angle of from about 0° to about 15*, preferably at an angle 
of from about 3** to about 10", and most preferably one of the 
top or bottom surfaces sloped at an angle of about 7** with 
the other surface not sloped, along the top and bottom faces 
of the graft from the curved top end to the flattened bottom 
end as shown in FIGS. 14 and 15, to form the wedge shape. 
The anterior composite width at the flattened end is prefer- 
ably from about 6.0 to about 8.0 mm. The top and bottom 
opposing faces of the cervical graft may optionally be 
textured, preferably with a plurality of pyrimidal 
protrusions, 

(b) a first cervical (flattened curved) cortical portion 
having a width of from about 2.0 mm to about 8.0 mm; a 
second cervical cortical bone portion having a width of from 
about 2.0 mm to about 8.0 mm; where the first portion is 
disposed on the second portion forming a graft uniC the graft 
unit is held together by at least two cortical bone pins having 
a diameter of from about 2.0 mm to about 4.0 mm, prefer- 
ably 20 mm to about 3.0 mm; where the diameter of each 
pin may be the same or different, the composite graft having 
a width of about 15.0 to about 25.0 mm, preferably about 
19.0 mm, a diameter of about 12.0 mm to about 20.0 mm, 
preferably about 15.0 mm, and a centrally located hole 
disposed through the pinned graft unit, between at least two 
pins. The cervical fusion graft, from a side view, is prefer- 
ably sloped at an angle of from about 3° to about 15**, 
preferably at an angle of about T* along the top and bottom 
faces, or an angle of 0*" along the top surface and an angle 
of T along the bottom surface, of the graft from the curved 
end to the flattened end as shown in FIGS. 14 and 15, to form 
the wedge shape. The anterior compoate width at the 
flattened end is preferably from about 6.0 to about 8.0 mm. 
The top and bottom opposing faces of the cervical graft may 
optionally be textured, preferably with a plurality of pyrimi- 
dal protru^ons, 

(c) a first and a second cervical (flattened curved) cortical 
bone portion, the first bone portion disposed on the second 
bone portion to form a graft unit, the graft unit is held 
together by at least two cortical bone pins having a diameter 
of from about 2.0 mm to about 4.0 mm, and having the 
following preferred configurations: a posterior composite 
width of from 5.0 mm to 15.0 mm, preferably from about 8.0 
mm to 10.0 mm, an anterior composite width of from about 
5.0 nun to about 10.0 mm, preferably from about 6.0 mm to 
about 8.0 mm, ; the compo^te graft having a width of firom 
about 12.0 to about 25.0 mm, preferably from about 16.0 
mm to about 19.0 mm, a diameter of from about 10.0 mm 
to about 20.0 mm, preferably from about 13.0 mm to about 
15.0 mm, and a centrally located hole disposed through the 
pinned graft unit, between at least two pins. The graft, from 
a side view, is preferably sloped at an angle of from about 
3** to about 15**, preferably at an angle of about 7**, or an 
angle of 0** along the top surface and an angle of 7** along 
the bottom surface, along the top and bottom faces of the 
graft from the cun^ed end to the flattened end as shown in 
FIGS. 14 and 15, to form the wedge shape. The top and 
bottom opposing faces of the cervical graft may optionally 
be textured, preferably with a plurality of pyrimidal protru- 
sions; and 
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(d) two or more bone portions preferably cortical bone 
portions, layered to form a graft unit, where the bone 
portions are connected by: being configured to interlock 
with each other where the interlocking is self-locking or is 

5 locked with one or more pins entirely or partially traversing 
a dimension of the graft, and/or at least two cortical bone 
pins having a diameter of from about 2.0 mm to about 4.0 
mm and having the foUowing preferred configurations: (I) a 
diameter of about 14.0 mm; a width of about 17.5 mm; a pin 

10 diameter of about 2.5 mm; a through-hole having a diameter 
of about 6.5 mm, a first width of about 9.0 mm, and a second 
width of about 4.0 mm; a distance from the arc to a pin and 
from the through-hole to the second width of the graft, of 
about 2.0 mm; a second width of about 10.0 mm, and the 

15 graft having its sides sloped at an angle of about 25° (see 
FIG. 44); and (ii) a diameter of about 12.0 mm; a width of 
about IAS mm; a pin diameter of about 2,5 mm; a through- 
hole having a diameter of about 4.0 mm; a distance from the 
arc to a pin and from the through-bole to the second width 

20 of the graft, and from the pin to the through-hole, of about 
2,0 mm; a second width of about 7.75 nun, and the graft 
having its sides sloped at an angle of about 25** (see FIG. 
43). 

Most preferable anterior lumbar oval wedge composite 

25 bone grafts include the following configurations: (a) two or 
more ovoid cortical bone portions disposed on each other 
thereby forming a graft imit having a composite posterior 
width of firom about 5.0 mm to about 20.0 mm, preferably 
from about 1.0 mm to about 15.0 mm, an anterior composite 

30 width of from 5.0 mm to about 20.0 nmi, preferably from 
about 8.0 nun to about 14.0 mm, a height of from about 15.0 
mm to about 30.0 mm, preferably from about 21.0 mm to 
about 28.0 mm, and a Iwigth of from about 23.0 mm to about 
45.0 mm, preferably firom about 32.0 mm to about 42.0 mm; 

35 the graft unit is held together by at least two cortical bone 
pins having a diameter of from about 2,0 mm to about 4.0 
mm, where the pins have the same or a different diameter, to 
form a pinned graft imit; and optionally one or more 
through-holes disposed through the pinned graft unit. The 

40 graft, from a side view, is preferably sloped at an angle of 
from about 3** to about 15**, preferably at an angle of about 
7**, or an angle of 0** along the lop surface and an angle of 
T along the t)ottom surface, along the top and bottom faces 
of the to form the wedge shape. The top and bottom 

45 opposing faces of the cervical graft may optionally be 
textured. 

Any OEK or more of the cortical and/or cancellous bone 
portions of the above-described composite bone grafts, may 
optionally be detninerahzed and/or discontiiiuous, depend- 

50 ing upon the particular clinical application. For example, 
any one or more bone portions of any composite graft may 
include for example, one or more horizontally disposed 
channels, vertically disposed channels or randomly disposed 
channels, partially or completely traversing the height and/ 

55 or width of the graft One of ordinary skill in the art to whidi 
the present invention pertains can readily select, make and 
employ, a particular composite graft, without undue experi- 
mentation. 

V Surgical Implantation and Indications 

60 The present composite bone graft is useful for implanta- 
tion in patients suffering from defects caused by congenital 
anomaly, disease, or trauma, including for example, spine 
fractures; deformity, e.g. kyphotic deformities, e.g. posttrau- 
matic kyphosis; postlaminectomy kyphosis, junctional 

65 kyphosis, and Scheuermann's kyphosis; scoliosis, e.g. neu- 
romuscular scoliosis, adult scoliosis, paralytic scoliosis, 
congenital and syndromic scoliosis; and cervical neck pain. 
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Surgical methods for correcting degenerative conditions, for 
example in the lumbar spine, include decompression 
(excision of disc material, hypertrophicd bone, or ligament 
along with fusion, or fusion alone. 

A posterior surgical approach is preferably used. The 
choice of approach is dictated by the site of primary pathol- 
ogy and the physical size of the composite bone graft. 
Pathology that involves vertebral bodies is best approached 
anteriorly through the thorax, abdomen or flank. Pathology 
involving posterior elements are best approached posteriorly 
for example, through a vertical midline approach or poste- 
rior lateral muscle spinning approach. 

Those of ordinary skill in the art to which the present 
invention pertain, including for example an orthopaedic 
surgeon and a spinal surgeon, can readUy select and employ 
a particular composite bone graft, without undue experimen- 
tation. Factors to be considered in such selection and 
employment include: the type and size of graft bone, its 
anatomic site of Vision, and the age of the patient. An ideal 
graft, for example for use in lumbar interbody fusion, should 
be: osteoinductive, non-immunogenic, provide immediate 
mechanical stability, and be appropriately sized and shaped 
for the particular appHcation/patient. Indications, diagnostic 
criteria, graft selection and siurgical technique, are factors 


a mill. Thereafter, using a table saw, the cut planks were cut 
to the recorded width and length. Cortical pins were then cut 
using a drill press, from the pin segments. Using a drill 
Sander, the cortical pins were tapered sufficient to allow 

5 insertion into the reamed graft imit. Next, using a handsaw, 
cancellous wafers were cut from cancellous bone to the 
recorded thickness. The wafers were then cut to the recorded 
width and length using a table saw. The cortical planks and 
cancellous wafer were then assembled into a graft tmit in a 

10 jig and were then reamed using a drill press. The anterior 
through-hole was disposed through the width of the graft 
unit at the through-hole's center point, 7.5 mm along the 
length of the graft unit, and centered relative to the width of 
the graft unit. Using an arbor press, the cortical pins were 

IS pushed into the reamed graft unit to produce a pinned graft 
unit. Any excess pin was then cut off using a handsaw. Next, 
using a drill \mder, the pinned graft unit was then shaped to 
the final recorded width, and if the composite graft was 
angled, the pinned graft was then milled to cut angles. The 

20 composite graft was milled to provide grooves of the 
recorded height, on the opposing surfaces as shown in the 
Figures. The produced composite bone grafts were then 
cleaned and tested as follows. 


Composite 


Specimen Composite Tooth (mm') Hei^t (mm) Length Pins (mm) Cancellous* Cortical* 


number 

Grafliypc 

width (mm) 

Height 

angle 

front 

back 

(mm) 

front 

back 

width (mm) width (mm) 

1 

tnq>ezoid wedge (TA) 
trapezoid wc^ C^B) 

9.0 

1.2 

eao" 

8.0 

lOJO 

21.0 

2S 

3.0 

3.0 

3.0 

2 

11.0 

1.5 

60.0* 

10.0 

12.0 

21.0 

3.0 

3.0 

5.0 

3.0 

3 

trapezoid wedge (TC) 

13.0 

1.5 

60.0° 

12.0 

14.0 

21.0 

3.0 

3.0 

5.0 

4.0 

4 

tnqMZoid wed^ (TD) 

13.0 

1.5 

6Q0° 

12.0 

14X1 

21.0 

3.0 

3.0 

5.0 

4.0* • 

5 

parallel block (PA) 

7.0 

1.2 

60.0*' 

9.0 

9.0 

21.0 

2.5 

2.5 

3.0 

2.0 

6 

pamUel block (?B) 

9.0 

1.2 

eao* 

9.0 

9J0 

21.0 

2,5 

15 

3.0 

3-0 

7 

parallel block (PC) 

9.0 

1.2 

600* 

11.0 

11 JO 

21.0 

3.0 

3.0 

3.0 

3.0 

8 

parallel block (PD) 

9.0 

1.2 

eao** 

10.0 

10.0 

21.0 

2.5 

3.0 

3.0 

3.0 

9 

parallel block (PE) 

11.0 

1.5 

6ao'' 

13.0 

13.0 

21.0 

3.0 

3.0 

5.0 

3.0 

10 

parallel block (PF) 

11.0 

1.5 

eao* 

12.0 

12:0 

21.0 

3.0 

3.0 

5.0 

3,0 

12 

parallel block (PG) 

13.0 

1.5 

60.0" 

14.0 

14.0 

21.0 

3.0 

3.0 

5.0 

4.0** 

11 

parallel block (PH) 

11.0 



9.0 

90 

21.0 

3.0 

3.0 

5.0 

3.0 

12 

parallel block (PI) 

11.0 



9.0 

9D 

21.0 

3.0 

3.0 

3.0 

4.0* * 

13 

parallel block (PJ) 

9.0 



7.0 

7i) 

21.0 

2.5 

2.5 

3.0 

3.0 


*+0.500 nun or -a250 mm 

* *two (2) cortical planks were used, each -2.0 mm to give a co[i:q)osite cortical width of 4J0 mm 


that can be readily selected, optimized and employed by 
those of ordinary skill in the art without undue 
experimentation, and are discussed in: Master Techniques in 
Orthopaedic Surgery, The Spine, edited by Bradford, David 
S., lippincott-Raven, ISBN (V78 17-0033-7, Philadelphia, 
Pa., (1997), hereby incorporated herein by reference in its 
entirety. When implanting a cervical fusion graft, an anterior 
cervical approach is used. 

The following examples arc ilhistrative only, and do not 
in any way limit the scope of the invention. 

EXAMPLES 

I. Preparation of a composite graft. 

Donor bone was harvested according to industry accepted 
standards from a cadaver donor. The composite bone grafts, 
sized as recorded in Table 1, were prepared according to the 
method described as follows. Using a bandsaw cortical 
planks and pin segments were cut from a cortical shaft. One 
surface of each cortical planks was smoothed on a planing 
table and the planks were cut to the recorded thickness using 


II Biomechanical Strength 

The bionoechanical strength of the composite bone grafts 
50 recorded in Table 2 was determined g static compression 
testing. All of the tested bone grafts were produced as set 
forth in Example 1, and sized as recorded. All of the 
composite bone grafts were constructed from two cortical 
layers sandwiching a cancellous layer with all of the layers 
oriented parallel to the sagittal plane, and secured tog&ther 
with two cortical bone pins. Tests were performed imder a 
compressive load using an Instron™ 4204 test machine. An 
axial displacement was applied in a ramp fashion at 2.5 
60 mm/min rate until catastrophic failure of the bone graft 
occurred or until the maximum displacement of 3 mm was 
reached. Data was collected at a rate of 2 Hz. 

As can be seen from the data set forth in Table 2, all of the 
65 composite grafts exhibited adequate to exceptional biome- 
chanical strength, as compared to the vertebral body itself- 
which fails at 10,000 N (2,200 lbs). 


55 
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TABLE 2 



Load at 

Displacement 

Load at 

Displacement 

Stifihes (slope) 

Graft SpecimcD 

Max. Load 

at Max. Load 

z-sip, yield 

at z-sip, yield 

(AutYoung) 

Type number 

(KN) 

(Mm) 

(Mm) 

(Mm) 

(N/mm) 

PA PA-1 

8.464 

3.460 

6.719 

1.706 

6708.0 

(Donor 1) PA- 2 

8.923 

2.450 

8.625 

1.957 

6544.0 

PA-3 

8.569 

3.O20 

7323 

1.851 

6201.0 

PA-4 

7.238 

3.070 

6.727 

1.998 

4756.0 

PA-5 

8.395 

Z160 

8.078 

1.873 

7321.0 

Mean (Donor 1): 

8.318 

Z832 

7.495 

1.877 

6306 

Std. Dev (Donor 1): 

-637 

.523 

.842 

.113 

957 

(Donor 2) PA-6 

9.718 

3.300 

6.636 

1.560 

5637.0 

PA-7 

8.118 

1.970 

8.113 

1.956 

6379.0 

PA-8 

11.190 

3.150 

9.052 

2.102 

6246.0 

PA-9 

8.201 

2.110 

8.193 

2.102 

6643.0 

PA-10 

5.992 

1.430 

5.882 

1.248 

7973.0 

PA-11 

7.248 

Z500 

7.130 

2.060 

6578.0 

PA- 12 

8.319 

Z660 

8228 

2.123 

6500.0 

PA-13 

6.325 

2.690 

5.782 

1.624 

4518.0 

PA-14 

7.973 

1,770 

7.970 

1.749 

5867.0 

PA- 15 

8.969 

1750 

— 

— 

5546.0 

Mean (Donor 2): 

8.205 

2.433 

— 

— 

6189.0 

Std. Dev. (Donor 2): 

1.535 

.601 

— 

— 

900.0 

(I>onor 3) PA-16 

7.259 

1.540 

7.256 

1.541 

8207.0 

(Donor 4) PA-17 

9.799 

1.710 

9.799 

1.687 

9930.0 

PA-18 

7.879 

1.640 

7.876 

1.623 

7963.0 

PA-19 

9.590 

1.620 

9.584 

1.603 

9794.0 

PA-20 

9.388 

1.670 

9380 

1.665 

8773.0 

PA-21 

9.617 

1.750 

9.617 

1.748 

10260.0 

Mean (Donor 4): 

9.255 

1.678 

9.251 

1.655 

9344.0 

Std. Dev. (Donor 4) 

.783 

.053 

.783 

.057 

950 

PC PC-1 

9.165 

4.000 

7.216 

1.811 

10230.0 

(Donor 5) PC-2 

7.664 

2.860 

7.664 

2.853 

4291 i) 

PC-3 

8.360 

2.810 

8338 

2.791 

4226.0 

PC-4 

8.612 

.970 

8.607 

.958 

19260.0 

Mean (Donor 5): 

8.450 

2.660 

7S56 

2.103 

9503.0 

Std. Dev. (Donor 5): 

.623 

1.254 

.633 

.900 

7090.0 

(Donor 6) PC-5 

10.45 

2.040 

1036 

1.540 

9482.0 

PC-6 

10.17 

2.140 

10.17 

2.144 

7261.0 

PC-7 

11.74 

Z090 

11.73 

2.060 

10330.0 

PC-8 

11.77 

Z290 

11.76 

2.290 

9123.0 

Mean (Donor 6): 

11.03 

2.140 

11.01 

2.009 

9049.0 

Std. Dev. (Donor 6): 

.84 

.108 

.86 

326 

1295.0 

PB PB-1 

8.953 

1.540 

8.604 

1310 

10160.0 

(Donor 7) PB-2 

10.910 

1.850 

10.910 

1.852 

10380.0 

Mean (Donor 7): 

9.931 

1.695 

9.758 

1.581 

10270.0 

Std. Dev. (Donor 7> 

1J36 

.219 

1.632 

.383 

156.0 

PE PE-1 

11.42 

1.810 

11.21 

1.601 

13900.0 


(Donor 8) 


III Comparative Biomediaaical Strength 

Composite bone grafts were produced as described in 
Example A. 11x9x21 mm grafts: (PH) having two 3.0 mm 
cortical layers sandwiching a 5.0 mm cancellous layer^ and 
(PI) having two 4.0 mm cortical layers sandwiching a 3.0 
mm cancellous layer; arxl 9x7x21 mm grafts (PJ) having 
two 3.0 mm cortical layers sandwiching a 3.0 mm cancel- 
lous layer, were produced. After production, the grafts were 
either fresh frozen or Creeze-dried. Table 3 summarizes the 
compression test results of fresh frozen composite grafts 
after thawing in 9.0 % saline solution for 90 minutes and the 
freeze-dried composite bone grafts after soaking £Dr 20 min., 
60 min., and 7 days in 9.0 % saHne solution. 


Test results showed that the 20 minute soaked freeze- 
dried grafts had the highest strength (Tkble 3) and stiffiiess 
(Table 4) among all the tested groups. Generally, strength 
and stiffisess of the Cre^-frozen grafts were relatively lower 
than the freeze-dried grafts. 

The inventive composite bone graft, both fresh-frozen and 
freeze-dried, when compared to commercially available 
bone graft products (Os™ and Mid America) was signifi- 
cantly stronger. See Brantigan et al. Compression Strength 
of Donor Bone for Posterior Lumbar Interbody Fusion, 
Spine Vol. 18, No. 9, 1993. 
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Specimen Number 


Graft Type 

a 

2 

3 

4 

5 

Mean 

Std. Dev. 

Fresh Frozen-one-hour 

9.114 

9.160 

6.942 

6.945 

9.852 

8.403 

1.364 

(PH-3) 








Fresh Frozcn-onc-houT 

9.176 

8.744 




8.960 

0.305 

(PH-2) 








Freeze-dried-20.0 min. 

13.970 

14.460 




13.220 

0.346 

(PM) 








Freeze-dried-one-hour 

13.99 

13.97 




13.98 

0.014 

(PI-2) 








Frcczc-dricd-scvcn-days 

10.300 

8.255 




9.277 

1.446 

(PI-3) 








Fresh Frozen-one-hour 

7.925 

7.973 

8.958 

7.836 

9.799 

8.498 

,985 

(PJ-1) 








Fresh Frozen-one-hour 

8.897 

9.015 




8.956 

.083 

(PJ-2) 








Os™ * 

1.098 

.934 

5.72 

Z145 


Z474 

2.229 

Mid America 

2.823 

1.699 

1.926 

Z629 

2.464 

2.308 

0.477 


TKcortical** 


*08 ™ bone is a commercial trioortical bone graft product. 

**Mid America trioortical is a commercially available bone graft product produced by 
Mid America. 


TABLE 4 


specimen Nmnber 


Graft Type 

1 

2 

3 

4 

5 

Mean 

Std. Dev. 

Fresh Frozen-one-honi 

7053.0 

6176.0 

587S.0 

54340 

7528.0 

6413.8 

1103.4 

(PJ-1) (9 X 7, 3-3-3) 








Fresh Frozen-one-hour 

7303.0 

61110 




6707.5 

842.2 

(PJ-2) (9 X 7, 3-^3) 








Fresh Frozcn-onc-houi 

10980i) 

13900.0 




12440.0 

2064.8 

(PH-1) (11 X 9, 3-5-3) 








Fresh Frozen-one-hotu 

4938.0 

11340.0 

11060.0 

128ia0 

9125.0 

9728.0 

2902.3 

(PH-2) (11 X 9, 3-5-3) 








Prceze-dried-20.0 min. 

27760.0 

28420.0 




28090.0 

466.7 

(PI-1) (11 X 9, 4-3-4) 








Free^-dried-one-bc»ir 

21940.0 

22890.0 




22415.0 

671.8 

(PI-2) (11 X 9, 4-3-4) 








Freeze-dr^-seven-days 

14590.0 

18130.0 




16360.0 

2S03.2 

(PI-3) (11 X 9, 4~3A) 
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IV. Preparation of a cervical wedge composite graft. 

Donor bone was harvested according to industry accepted 
standards from a cadaver donor. The composite bone grafts, 
sized as recorded in Table 5, were prepared according to the 
method described as follows. Using a bandsaw cortical 
planks and pin segments were cut from a cortical shaft One 
surface of each cortical planks was anoothed on a planing 
table and the planks were cut to the required thickness using 
a mill. Thereafter, using a table saw, the cut planks were cut 
to the required width and length. Cortical pins were then cut 
using a drill press, from the pin segments. Using a drill 
Sander, the cortical pins were tapered sufficient to allow 
insertion into the reamed graft unit. Mext, the cortical planks 
were assembled into a graft unit in a jig and were then 
reamed using a drill press. Using an arbor press, the cortical 
pins were pushed into the reamed graft unit to produce a 
pinned unit. At this point, the pinned unit was optionally 
sloped at it's top and/or bottom surface, for example at its 
bottom surface, at 7° using a radial saw. A circular shape was 
then cut through the piimed and optionally sloped unit using 
a trephine or Cloward cutter of appropriate size. Thereafter, 
using a radial saw or a band saw, the sides and bottom of the 


50 


graft were shaped, and a centrally located hole was drilled 
through the pirmed unit. Any excess pin was then cut off 
using a bandsaw. Lastly, the pirmed graft unit was smoothed. 
If textured, the composite graft was milled to provide 
grooves on the opposing surfaces as ^wn in FIG. 35. 

TABLE 5 


specimen 


Composite 

Width (mm) Diameter Wdth 


number 

Graft TVpe 

Front 

back 

(Mm) 

(Mm) 

1 

Cervrical Wedge (CA) 

6.0 

10.0 

13.0 

16.0 

60 2 

Cervical Wedge (CB) 

7.0 

11.0 

13.0 

16.0 

3 

Cervical Wedge (CC) 

8.0 

12.0 

13.0 

16,0 

4. 

Cervical Wedge (CD) 

6.0 

10.0 

15.0 

19j0 

5. 

Cervical Wedge (CE) 

7.0 

11.0 

15.0 

19.0 

6. 

Cervical Wedge (CF) 

8.0 

12.0 

15.0 

19,0 

65 7. 

Cervical Wedge (CG) 

6,0 

6.0 

13.0 

16.0 

8. 

Cervical Wedge (CH) 

8.0 

8.0 

13.0 

16.0 
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TABLE 5-contiaued 




Composite 



Specimea 


Width (mm) 

Diameter 

Width 

number 

Graft Type 

Front back 

(Mm) 

(Mm) 

9. 

Cervical Wedge (CI) 

6.0 6.0 

15.0 

19.0 

10. 

Cfcrvical Wedge (CJ) 

7.0 7.0 

13.0 

16.0 

31. 

Cervical Wedge (OQ 

7.0 7.0 

15.0 

19.0 


5 
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It is to be understood, however, that the scope of the 
present iavention is not to be limited to the specific embodi- 
ments described above. The invention may be practiced 
other than as particularly described and still be within the 
scope of the accompanying claims. 

We claim: 

1. A composite bone graft, comprising: 

a fixst cortical bone portion comprising one or more 20 
cortical bone planks, and having a first face comprising 
a single protrusion; 

a second cortical bone portion comprising one or more 
cortical bone planks, and having a second face com- 
prising a single depression complimentary to said 
single protrusion provided on said first face, said sec- 
ond cortical bone portion is provided on said first 
cortical bone portion such that said first face and said 
second face interlock to form a graft unit; and 

a cortical bone locking pin located approximately paraUel ^ 
to the interface of said first cortical bone portion and 
said second cortical bone portion, said cortical bone 
locking pin partially traverses said graft unit wherein 
said composite bone graft does not comprise an adhe- 
sive. 

2. A composite bone graft, comprising: 

a first substantially planer cortical bone portion; 

a second substantially planer cortical bone portion pro- 
vided on said first substantially planer cortical bone 4^ 
portion to form a graft unit; 

one or more biocompatible mechanical connectors for 
holding together said grafi unit, said one or more 
biocompatible mechanical connectors are provided per- 
pendicular to or parallel to an interface of said first 45 
substantially planer cortical bone portion and said 
second substantially planer cortical bone portion; and 

a through-bole entirely traversing said composite bone 
grafi, said through-hole is disposed substantially per- 
pendicular to interfaces of adjacent bone portion, ^0 
wherein said composite bone graft does not comprise 
an adhesive. 

3. A composite bone graft, consisting essentially o£ 
a first substantially planer cortical bone portion; 

a second substantially planer cortical bone portk)n pro- 
vided on said first substantially planer cortical bone 
portion to form a graft unit; 

one or more biocompatible mechanical connectors for 
holding together said graft unit, said one or more 59 
biocompatible mechanical connectors are provided per- 
pendicular to or paraUel to an interface of said first 
substantially planer cortical bone portion and said 
second substantially planer cortical bone portion; and 

a through-hole entirely traversing said composite bone 65 
graft, said through-hole is disposed substantially per- 
pendicular to interfaces of adjacent bone portions. 
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4. A composite bone graft, comprising: 

two or more distinct, adjacent, cortical bone portions, said 
distinct, adjacent, cortical bone portions each compris- 
ing a face complimentary to a face on an adjacent 
cortical bone portion, each face comprising a single 
projection or a single depression, such that adjacent 
faces are compKmentary, and a single projection inter- 
locks with a single depression, to provide an interlock- 
ing fit between said adjacent bone portions; and 

a through-hole entirely traversing said composite bone 
graft, said through-hole is disposed substantially per- 
pendicular to interfaces of adjacent bone portions, 
wherein said composite bone graft docs not comprise 
an adhesive. 

5. A composite bone graft, consisting essentially of: 
two or more distinct, adjacent, cortical bone portions, said 

distinct, adjacent, cortical bone portions each compris- 
ing a face complimentary to a face on an adjacent 
cortical bone portion, each face comprising a single 
projection or a single depression, such that adjacent 
faces are complimentary, and a single projection inter- 
locks with a single depression, to provide an interlock- 
ing fit between said adjacent bone portions; 

one or more locking pins comprising cortical bone, par- 
tially or entirely traversing a dimension of said com- 
posite bone graft, said one or more locking pins pro- 
vided perpendicular to or parallel to an interface 
between adjacent bone portions, and 

a through-hole entirely traversing said composite bone 
graft, said through-hole is disposed substantially per- 
pendicular to interfaces of adjacent bone portions. 

6. A composite bone graft, comprising: 

two or more distinct, adjacent, cortical bone portions, said 
distinct, adjacent, cortical bone portions each compris- 
ing a face complimentary to a face on an adjacent 
cortical bone portion, each face comprisiog a ^ngle 
projection or a single depression, such that adjacent 
faces are complimentary, aixl a single projection inter- 
locks with a single depression, to provide an interlock- 
ing fit between said adjacent bone portions; 

one or more locking pins comprising cortical bone, par- 
tially or entirely traversing a dimension of said com- 
posite bone graft, said one or more locking pins pro- 
vided perpendicular to or parallel to an interface 
between adjacent bone portions; and 

a through-hole ^tirely traversing said composite bone 
graft, said through-hole is disposed substantially per- 
pendicular to interfaces of said adjacent bone portions, 
wherein said composite bone gr^ does not comprise 
an adhesive. 

7. A composite bone graft, comprising: 

two or more distinct, adjacent, bone portions layered to 
form a graft unit; one or more biocompatible mechani- 
cal connectors provided perpendicular to an interface 
between adjacent bone portions; and a first chamfered 
edge and a second chamfered edge, said first chamfered 
edge provided along a length of said composite bone 
graft at its top edge, and said second chamfered edge 
provided alor^ a length of said composite bone graft at 
its bottom edge, such that the chamfered edges are 
diametrically opposed; and 

a through-hole entirely traversing said composite bone 
graft, said through-hole is disposed substantially per- 
pendicular to interfaces of portions adjacent bone 
portion, wherein said composite bone graft does not 
comprise an adhesive. 
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8. A composite bone graft, comprising: 
a first cortical bone portion; 

a second cortical bone portion provided on said first 
cortical bone portion to form a graft unit; 

one or more biocompatible mechanical connectors for 
holding together said graft unit, said one or more 
biocompatible mechanical connectors are provided per- 
pendicular to or parallel to an interface of said first 
cortical bone portion and said second cortical bone 
portion; and 

a through-hole entirely traversing said composite bone 
graft, said through-hole is disposed substantially per- 
pendicular to interfaces of adjacent bone portions, 
wherein said composite bone graft does not comprise 
an adhesive. 

9. The composite bone graft of claim 8, said first cortical 
bone portion comprises one or more cortical bone planks, 
and said second cortical bone portion comprises one or more 
cortical bone planks. 2o 

10. The composite bone graft of claim 9, said first cortical 
bone portion comprises a first face comprising a single 
protrusion and said second cortical bone portion comprises 
a second face comprising a single depression complimentary 
to said first face, such that said first fkce and said second face 
interlock wherein said composite bone graft does not com- 
prise an adhesive. 

U. The composite bone graft of claim 10, said one or 
more biocompatible mechanical connectors comprise a 
single cortical bone pin. 

12. The composite bone graft of claim 11, said cortical 
bone pin comprises a locking pin, said loddng pin partially 
traverses said graft unit and is located approximately parallel 
to the interface of said first cortical bone portion and said 
second cortical bone portion. 

13. The composite bone graft of any one of claims 2, 4, 
6, 7, or 8, said composite bone graft further comprising a 
first top stuface and a second bottom surface, said first top 
surface and said second bottom surface comprising a plu- 
rality of protrusions defining a saw-tooth pattern. 

14. A composite cervical wedge, comprising: 
a first substantially planer cortical bone portion; 

a second substantially planer cortical bone portion pro- 
vided 00 said first substantially planer cortical bone 
portion to form a graft unit said graft unit having a top 45 
textured surface and a bottom textured surface; 

one or more biocompatible mechanical connectors for 
holding together said graft unit, said one or more 
biocompatible mechanical connectors are provided per- 
pendicular to or parallel to an interface of said first 50 
substantially planer cortical bone portion and said 
second substantially planer cortical bone portion; and 

a through-hole entirely traversing said composite bone 
graft, said through-hole is disposed substantially per- 
pradicular to interfaces of adjacent bone portions, 55 
forming said composite ccndcal wedge, said composite 
cervical wedge comprises: 

a first width of fix)m about 10.0 mm to about 24.0 mm; 
a second width of from about 4.0 mm to about 16.0 
mm; a composite anterior height of firom about 3.0 60 
mm to about 30.0 mm; a composite posterior height 
of from about S.O mm to about 50.0 nmi; and a 
diameter of from about 10.0 mm to about 20.0 mm, 
wherein said top textured surface and said bottom 
textured surface are opposing and are disposed par- 65 
allel to interfaces of said bone portions, said top 
textured surface and said bottom textured surface 
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comprises a plurality of protrusions defining a saw- 
tooth pattern, and wherein said composite bone graft 
does not comprise an adhesive. 

15. A composite cervical block, comprising: 

a first substantially planer cortical bone portion; 

a second substantially planer cortical bone portion pro- 
vided 00 said first substantially planer cortical bone 
portion to form a graft unit said graft unit having a top 
textured surface and a bottom textured surface; 

one or more biocompatible mechanical connectors for 
holding together said graft unit, said one or more 
biocompatible mechanical connectors are provided per- 
pendicular to or parallel to an interface of said first 
substantially planer cortical bone portion and said 
second substantially planer cortical bone portion; and 

a through-hole entirely traversing said composite bone 
graft, said through-hole is disposed substantially per- 
pendicular to interfaces of adjacent bone portions, 
forming said composite cervical wedge, said composite 
cervical wedge comprises: 

a first width of from about 10.0 mm to about 24.0 mm; 
a second width of from about 4.0 mm to about 16.0 
mm; a composite height of from about 3.0 mm to 
about 30.0 mm; and 
a diameter of from about 10.0 mm to about 20.0 mm, 
wherein said top textured surface and said bottom 
textured siuface are opposing and are disposed parallel 
to interfaces of said bone portions, said top textured 
surface and said bottom textured surface comprises a 
plurality of protrusions defining a saw-tooth pattern, 
and wherein said composite bone graft does not com- 
prise an adhesive. 

16. The composite bone graft of any one of claims 2, 4, 
6-8, 14, or 15, furthw comprisiag one or more osteoinduc- 
tive substances provided in said through-bole, said osteoin- 
ductive substances are selected firom the group consisting of 
demineralized cortical bone; demineralized cancellous bone; 
collagen; partially demineralized cortical bone; and partially 
demineralized cancellous bone. 

17. The composite bone graft of claim 16, said one or 
more osteoinductive substances further comprising one or 
more members selected from the group consisting of bone 
morphogenic protein and a growth factor. 

18. The composite bone graft of claim 17, said through- 
hole has a diameter of from about 2.0 mm to about 8.0 mm. 

19. The composite bone graft of any one of claims 1, 2, 
4, 6-8, 14, or 15, said bone portions comprising allogenic or 
xenogenic bone. 

20. The composite bone graft of claim 7, said two or more 
distinct, adjacent, bone portions comprise one or more 
members selected from the group consisting of cortical bone 
and cancellous bone. 

21. The composite bone graft of claim 20, said cortical 
bone and said cancellous bone, comprising allogenic bone or 
xenogenic bone. 

22. The composite bone graft of claim 7, said composite 
bone graft further comprising a top surface; a bottom 
surface; a diameter of firom about 10.0 mm to about 20.0 
nun; a width of firom about 12.0 mm to about 25.0 mm; an 
anterior composite height of from about 5.0 mm to about 
10.0 mm; and a posterior composite height of from about 5.0 
mm to about 15.0 mm. 

23. The composite bone graft of claim 22, said top surface 
and said bottom surface comprising a plurality of protru- 
sions defining a saw-tooth pattern. 
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24. The composite bone graft of any one of claims 15, or 
23, said plurality of protrusions having a height of from 
about 0.1 mm to about 5.0 mm. 

25. The composite bone graft of any one of claims 2, 3, 
8, 14, or 15, said first cortical bone portion comprises one or 
more cortical bone planlcs, and said second cortical bone 
portion comprises one or more cortical bone planks. 
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26, The composite bone graft of any one of claims 4-6^ or 
7, each of said cortical bone portions comprises one or more 
cortical bone planks. 

27. The composite bone graft of claim 13, said phirality 
of protrusions having a height of from about 0.1 mm to about 
5.0 mm. 


05/21/2003, EAST Version: 1.03.0002 


